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Soil maps in this survey may 


furnished to the Eddy, Nelson, and Benson County Soil Conservation Districts. 

be copied without permission, but any enlargement of these maps could 
cause misunderstanding of the detail of mapping and result in erroneous interpretations. Enlarged maps 
do not show small areas of contrasting soils that could have been shown at a larger mapping scale. 


HOW TO USE THIS SOIL SURVEY 


fl Wpeses SOIL SURVEY contains information 
that can be applied in managing farms, 
ranches, and woodlands; in selecting sites 
for roads, ponds, buildings, and other struc- 
tures; and in judging the suitability of tracts 
of land for farming, industry, and recreation. 


Locating Soils 


All the soils of Eddy County and Parts 
of Benson and Nelson Counties are shown 
on the detailed soil map at the back of this 
publication. This map consists of many sheets 
made from aerial photographs. Each sheet is 
numbered to correspond with a number on 
the Index to Map Sheets. 

On each sheet of the detailed map, soil 
areas are outlined and are identified by sym- 
bols. All areas marked with the same symbol 
are the same kind of soil. The soil symbol is 
inside the area if there is enough room; 
otherwise, it is outside and a pointer shows 
where the symbol belongs. 


Finding and Using Information 


The “Guide to Mapping Units’ can be used 
to find information. This guide lists all the 
soils of the survey area in alphabetic order 
by map symbol and gives the capability 
classification of each. It also shows the page 
where each soil is described and the page 
for the capability group and windbreak suit- 
ability group in which the soil has been 
placed. 

Individual colored maps showing the rela- 
tive suitability or degree of limitation of 
soils for many specific purposes can be devel- 


oped by using the soil map and the informa- 
tion in the text. Translucent material can be 
used as an overlay over the soil map and 
colored to show soils that have the same 
limitation or suitability. For example, soils 
that have a slight limitation for a given use 
can be colored green, those with a moderate 
limitation can be colored yellow, and those 
with a severe limitation can be colored red. 

Farmers and those who work with farmers 
can learn about use and management of the 
soils from the soil descriptions and from the 
discussions of the capability units, windbreak 
suitability groups, and the irrigation section. 

Foresters and others can refer to the sec- 
tion “Woodland and Windbreaks,” where the 
soils of the survey area are grouped accord- 
ing to their suitability for trees. 

Game managers, sportsmen, and others 
can find information about soils and wildlife 
in the section “Use of the Soils for Wildlife.” 

Engineers and builders can find, under 
“Engineering Uses of the Soils,” tables that 
contain test data, estimates of soil properties, 
and information about soil features that 
affect engineering practices. 

Scientists and others can read about how 
the soils formed and how they are classified 
in the section ‘Formation and Classification 
of the Soils.” 

Newcomers in the survey area may be 
especially interested in the section “General 
Soil Map,” where broad patterns of soils are 
described. They may also be interested in the 
information about the county given in the 
section “Environmental Factors Affecting 
Soil Use.” 


Cover: 
the background are soils of the Svea-Barnes-Hamerly association 
that are used for growing small grains, grass, and hay. 


Aerial view of a typical farmstead in Eddy County. In 
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DDY COUNTY AND PARTS OF BENSON AND 
NELSON COUNTIES (called the survey area in 
this publication) are in the east-central part of North 
Dakota (fig. 1). The survey area includes 406,400 acres 
in Eddy County, 73,114 acres in Nelson County, and 
45,636 acres in Benson County. The inclusion in this 
survey of the Warwick-McVille area, an irrigation sur- 
vey area covering parts of three counties, accounts for 
the acreage in Nelson and Benson Counties. New Rock- 
ford is the county seat of Eddy County, Lakota is the 
county seat of Nelson County, and Minnewaukan is the 
county seat of Benson County. 

These counties have a dry subhumid continental 
climate that is characterized by cold winters and warm 
summers. The physiography consists of glacial land- 
forms, mainly ground moraines, recessional moraines, 
and outwash plains. The Sheyenne River, the James 
River, and their tributaries drain most of the area. In 
some areas most of the runoff collects in depressions 
and does not reach the rivers. 

About 97 percent of the total land area is in farms 
or ranches, and about 70 percent is cultivated. Spring 
wheat is the main crop. Flax, barley, and oats are 
other important crops. The main livestock is beef and 
dairy cattle, hogs, and sheep. 
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Figure 1.—Location of Eddy County and parts of Benson and 
Nelson Counties in North Dakota. 


Two irrigation districts included in this survey area 
are the Warwick-McVille area and the New Rockford 
area. The soils in these areas are mainly suited to 
sprinkler-type irrigation. Crops such as sugar beets, 
potatoes, alfalfa, and truck crops should become more 
Important with the further development of irrigation. 


How This Survey Was Made 


Soil scientists made this survey to learn what kinds 
of soils are in this survey area, where they are located, 
and how they can be used. The soil scientists went into 
the counties knowing they likely would find many soils 
they had already seen and perhaps some they had not. 
They observed the steepness, length, and shape of 
slopes, the size and nature of streams, the kinds of 
native plants or crops, the kinds of rock, and many 
facts about the soils. They dug many holes to expose 
soil profiles. A profile is the sequence of natural layers, 
or horizons, in a soil; it extends from the surface down 
into the parent material that has not been changed 
much by leaching or by the action of plant roots. 

The soil scientists made comparisons among the pro- 
files they studied, and they compared these profiles 
with those in counties nearby and in places more dis- 
tant. They classified and named the soils according to 
nationwide, uniform procedures. The soil series and 
the soil phase are the categories of soil classification 
most used in a local survey. 

Soils that have profiles almost alike make up a soil 
series. Except for different texture in the surface layer, 
all the soils of one series have major horizons that are 
similar in thickness, arrangement, and other important 
characteristics. Most soil series are named for a town 
or other geographic feature near the place where a soil 
of that series was first observed and mapped. Hamar 
and Warsing, for example, are the names of two soil 
series. All the soils in the United States having the 
same series name are essentially alike in those charac- 
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teristics that effect their behavior in the undisturbed 
landscape. 

Soils of one series can differ in texture of the surface 
layer and in slope, stoniness, or some other charac- 
teristic that affects use of the soils by man. On the 
basis of such differences, a soil series is divided into 
phases. The name of a soil phase indicates a feature 
that affects management. For example, Warsing loam 
is one of several phases within the Warsing series. 

After a guide for classifying and naming the soils 
had been worked out, the soil scientists drew the 
boundaries of the individual soils on aerial photo- 
graphs. These photographs show woodlands, buildings, 
field borders, trees, and other details that help in draw- 
ing boundaries accurately. The detailed soil map at the 
back of this publication was prepared from aerial 
photographs. 


The areas shown on a soil map are called mapping 


units. On most maps detailed enough to be useful in 
planning the management of farms and fields, a map- 
ping unit is nearly equivalent to a soil phase. It is not 
exactly equivalent, becaiise it is not practical to show 
on such a map all the small, scattered bits of soil of 
some other kind that have been seen within an area 
that is dominantly of a recognized soil phase. 

Some mapping units are made up of soils of different 
series, or of different phases within one series. Three 
such kinds of mapping units are shown on the soil 
map of the survey area: soil complexes, soil associa- 
tions, and undifferentiated groups. 

A soil complex consists of areas of two or more soils, 
so intermingled or so small in size that they cannot be 
shown separately on the soil map. Each area of a com- 
plex contains some of each of the two or more dominant 
soils, and the pattern and relative proportions are 
about the same in all areas. The name of a soil complex 
consists of the names of the dominant soils, joined by 
a hyphen. Ludden-Lamoure complex is an example. 

A soil association is made up of adjacent soils that 
occur as areas large enough to be shown individually 
on the soil map but are shown as one unit because the 
time and effort of delineating them separately cannot 
be justified. There is a considerable degree of uni- 
formity in pattern and relative extent of the dominant 
soils, but the soils may differ greatly one from another. 
The name of an association consists of the names of 
the dominant soils, joined by a hyphen. Towner- 
Dickey fine sandy loams is an example. 

An undifferentiated group is made up of two or more 
soils that could be delineated individually but are 
shown as one unit because, for the purpose of the soil 
survey, there is little value in separating them. The 
pattern and proportion of soils are not uniform. An 
area shown on the map may be made up of only one of 
the dominant soils, or of two or more. The name of an 
undifferentiated group consists of the names of the 
dominant soils, joined by “and.” Fossum and Hamar 
sandy loams is an example. 

In most areas surveyed there are places where the 
soil material is so rocky, so shallow, or so severely 
eroded that it cannot be classified by soil series, These 
places are shown on the soil map and are described in 
the survey, but they are called land types and are given 
descriptive names. Gravel pit is a land type in the 
survey area. 


General Soil Map 


The General Soil Map at the back of this survey 
shows, in color, the soil associations in Eddy County 
and the included parts of Benson and Nelson Counties. 
A soil association is a landscape that has a distinctive 
proportional pattern of soils. It normally consists of 
one or more major soils and at least one minor soil, and 
it is named for the major soils. The soils in one asso- 
ciation may occur in another, but in a different pattern. 

A map showing soil associations is useful to people 
who want a general idea of the soils in the area, who 
want to compare different parts of a county, or who 
want to know the location of large tracts that are 
suitable for a certain kind of land use. Such a map is a 
useful general guide in managing a watershed, a 
wooded tract, or a wildlife area, or in planning engi- 
neering works, recreation facilities, and community 
developments. It is not a suitable map for planning the 
management of a farm or field or for selecting the 
exact location of a road or building or other structure, 
because the soils in any one association ordinarily 
differ in slope, depth, stoniness, drainage, and other 
characteristics that affect their management. 

Adjoining soil associations in different survey areas 
may have some variations in name or composition of 
soils. These variations occur because the gradual 
changes in physiography, relief, or drainage patterns 
near survey boundaries require the inclusion of similar 
areas of limited acreage with larger associations. The 
names of some soils are unlike those appearing in 
recently published surveys of adjacent counties, be- 
cause the concepts of the soil classification system have 
changed. 

The soil associations in this survey have been 
grouped into 8 general kinds of landscapes for broad 
interpretative purposes. Each of the broad groups and 
18 soil associations are described in the following 
pages. The texture mentioned in the descriptive title 
of an association is that of the surface layer. For ex- 
ample, in the Heimdal-Emrick-Fram association, ‘“me- 
ant textured” refers to the texture of the surface 
ayer. 


Soils of the Glacial Till Plains 


Soils of the glacial till plains are in all parts of the 
survey area. Some of these soils are on ground mo- 
raines that are nearly level and gently undulating. 
Other soils are on the recessional moraines that are 
gently undulating to steep. 

These soils formed in calcareous loam or clay loam 
glacial till. Five soil associations are in this group. 
They make up about 38 percent of the survey area. 


1. Heimdal-Emrick-Fram association 


Nearly level and gently undulating, well drained, mod- 
erately well drained and somewhat poorly drained, deep, 
medium textured soils 


This association is made up of soils that formed in 
glacial till and that consist of less than 18 percent clay. 
Most areas of these soils are nearly level, but next to 
drainageways and depressions they are gently undu- 
lating and gently sloping. 


EDDY COUNTY AND PARTS OF BENSON AND NELSON COUNTIES, NORTH DAKOTA 3 


This association occupies about 17 percent of the 
survey area. It is about 40 percent Heimdal soils, 23 
percent Emrick soils, 23 percent Fram soils, and 14 
percent minor soils. 

Heimdal soils are nearly level to gently undulating 
and are well drained, The surface layer is dark-gray 
loam about 7 inches thick. The subsoil is dark grayish- 
brown and pale-brown, friable loam about 9 inches 
thick. The substratum is mottled light-gray, light 
olive-brown, and light brownish-gray loam that has an 
accumulation of lime in the upper part. Permeability 
is moderate, and the available water capacity is high. 

Emrick soils are nearly level to gently undulating 
and are moderately well drained. The surface layer is 
very dark gray loam about 9 inches thick. The subsoil is 
dark-gray, friable loam about 8 inches thick. The sub- 
stratum is mottled, light brownish-gray loam that has 
an accumulation of lime in the upper part. Permeabil- 
He - moderate, and the available water capacity is 

igh. 

Fram soils are nearly level and gently undulating 
and are somewhat poorly drained. They are calcareous. 
The surface layer is dark-gray loam about 6 inches 
thick. The upper part of the substratum is light-gray, 
friable loam about 16 inches thick, and it has an accu- 
mulation of lime. It is underlain by mottled, light 
yellowish-brown loam. Permeability is moderate, and 
the available water capacity is high. 

Minor soils of this association are in the Tonka, 
‘Parnell, Vallers, and Wyard series. The Tonka and 
Parnell soils are poorly drained and very poorly 
drained and are in depressions. The Vallers soils are 


poorly drained and are on the rims of depressions and 
along drainageways. The Wyard soils are somewhat 
poorly drained and are in shallow swales and depres- 
sions. Scattered throughout the area are claypan and 
saline soils. 

Soils of this association are used mainly for culti- 
vated crops. They are suited to all crops commonly 
grown in the survey area. The organic-matter content 
is high and fertility is medium in soils of this associa- 
tion, The main concerns of management are controlling 
soil blowing, improving drainage, and maintaining 
good tilth and fertility. 


2. Heimdal-Emrick association 


Nearly level to hilly, well drained and moderately well 
drained, deep, medium textured soils 


This association consists of soils that formed in 
water-worked glacial till that has a clay content of less 
than 18 percent. Most areas of these soils are on gently 
undulating, nearly level, and hilly ground moraines. 
Steep recessional moraines are in small areas, Some 
large sloughs and potholes are scattered throughout 
the association. 

This association occupies about 12 percent of the 
survey area. It is about 45 percent Heimdal soils, 25 
percent Emrick soils, and 30 percent minor soils (fig. 
2). 

Heimdal soils are gently undulating to hilly and are 
well drained. The surface layer is dark-gray loam 
about 7 inches thick. It is thinner on the upper slopes 
and thicker on the lower slopes. The subsoil is dark 


Figure 2.—-Topography, underlying materials, and typical pattern of soils in association 2. 
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grayish-brown and pale-brown, friable loam about 9 
inches thick. The substratum is mottled, light-gray, 
light olive-brown, and light brownish-gray loam that 
has an accumulation of lime in the upper part. Per- 
meability is moderate, and the available water capacity 
is high. 

Emrick soils are nearly level to gently undulating 
and are moderately well drained. The surface layer is 
very dark gray loam about 9 inches thick. The subsoil 
is dark-gray, friable loam about 8 inches thick. The 
substratum is mottled, light brownish-gray loam that 
has an accumulation of lime in the upper part. Per- 
meability is moderate, and the available water capacity 
is high. 

Minor soils of this association are in the Fram, 
Esmond, Tonka, Parnell, and Vallers series. The Fram 
soils are somewhat poorly drained, and the Vallers 
soils are poorly drained. Both soils are on rims around 
depressions. The Tonka soils are poorly drained, and 
the Parnell soils are very poorly drained. These soils 
are in depressions. The Esmond soils are well drained 
and are on shoulder slopes. ; 

Soils of this association are used mainly for culti- 
vated crops. Except for the soils on steep slopes that 
are in grass in many places, they are suited to all crops 
commonly grown in the survey area. The organic- 
matter content is high, and fertility is medium in all 
the soils. The main concerns of management are con- 
trolling soil blowing and water erosion and maintain- 
ing good tilth and fertility. 


3. Heimdal-Emrick-Esmond association 


Nearly level to steep, well drained and moderately well 
drained, deep, medium textured soils 


This association consists of glacial till soils that have 
a clay content of less than 18 percent. Most areas of 
these soils are on gently rolling to steep recessional 
moraines. Large sloughs and potholes are scattered 
throughout the association. 

This association occupies about 1 percent of the sur- 
vey area. It is about 50 percent Heimdal soils, 20 per- 
cent Emrick soils, 15 percent Esmond soils, and 15 
percent minor soils. 

Heimdal soils are sloping to steep and are well 
drained. The surface layer is dark-gray loam about 7 
inches thick. It is thinner on the upper slopes and 
thicker on the lower slopes. The subsoil is dark grayish- 
brown and pale-brown, friable loam about 9 inches 
thick. The substratum is mottled, light brownish-gray 
loam that has an accumulation of lime in the upper 
part. Permeability is moderate, and the available water 
capacity is high. ; 

Emrick soils are nearly level to gently sloping and 
are moderately well drained. The surface layer is very 
dark gray loam about 9 inches thick. The subsoil is 
dark-gray, friable loam about 8 inches thick. The sub- 
stratum is mottled, light brownish-gray loam that has 
an accumulation of lime in the upper part. Permeabil- 
ity is moderate, and the available water capacity is 
high. 

Esmond soils are sloping to steep and are well 
drained. The surface layer is very dark gray loam 
about 5 inches thick. The next layer is dark-gray, 
friable, calcareous loam about 4 inches thick. The sub- 


stratum is light brownish-gray, light-gray, and light 
yellowish-brown, calcareous, loam glacial till. Perme- 
ability is moderate, and the available water capacity 
is high. 

Minor soils of this association are in the Tonka, 
Parnell, and Vallers series. The Tonka soils are poorly 
drained, and the Parnell soils are very poorly drained. 
Both soils are in depressions. The Vallers soils are 
poorly drained and are on rims of depressions and along 
drainageways. 

Soils of this association are used mainly for pasture. 
Some of the lower slopes and swales are used for hay. 
This association 1s well suited to wildlife habitat. The 
ridges and knoils are stony. The organic-matter con- 
tent is high in Heimdal and Emrick soils and fertility 
is medium. The organic-matter content is moderate in 
Esmond soils, and fertility is low. The main concerns 
of management are overgrazing of pastures, control- 
ling water erosion, and maintaining good fertility. 


4. Svea-Barnes-Hamerly association 


Nearly level and gently undulating, moderately well 
drained, well drained and somewhat poorly drained, 
deep, medium textured soils 


This association consists of soils that formed in 
medium-textured glacial till that has a clay content 
of more than 18 percent. Most areas of these soils 
are nearly level, but next to drainageways and depres- 
sions the soils are gently undulating. 

This association occupies about 6 percent of the sur- 
vey area. It is about 38 percent Svea soils, 32 percent 
Barnes soils, 15 percent Hamerly soils, and 15 percent 
minor soils. 

Svea soils are nearly level to gently undulating and 
are moderately well drained. The surface layer is very 
dark gray loam in the upper 6 inches and dark-gray 
silt loam in the lower 5 inches. The subsoil is dark 
grayish-brown and grayish-brown, friable silt loam and 
loam about 12 inches thick. The substratum is pale- 
yellow and mottled light-gray loam that has an ac- 
cumulation of lime in the upper part. Permeability is 
moderate in the upper part and moderately slow in 
the lower part. The available water capacity is high. 

Barnes soils are nearly level and gently undulating 
and are well drained. The surface layer is dark-gray 
loam about 6 inches thick. The subsoil is brown firm 
clay loam about 10 inches thick. The substratum is 
light-gray and light brownish-gray clay loam that has 
an accumulation of lime in the upper part. Permeability 
is moderate in the upper part and moderately slow 
in the lower part. The available water capacity is high. 

Hamerly soils are nearly level and gently undulating 
and are somewhat poorly drained. They are calcareous. 
The surface layer is dark-gray loam about 7 inches 
thick. The upper 13 inches of the substratum is light- 
gray, friable loam that has an accumulation of lime. 
It is underlain by light brownish-gray calcareous loam 
glacial till that is mottled in the lower part. Permeabil- 
ity is moderately slow, and the available water capacity 
is high. 

Minor soils of this assuciation are in the Tonka, 
Parnell, and Vallers series. The Tonka soils are poorly 
drained, and the Parnell soils are very poorly drained. 
Both soils are in depressions. The Vallers soils are 
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poorly drained and are on the rims around the depres- 
sions. Claypan and saline soils are scattered through- 
out the association. 

Soils of this association are used mainly for culti- 
vated crops. They are suited to all crops commonly 
grown in the survey area. The organic-matter content 
is high, and fertility is medium in all the soils of this 
association, except for the Svea soil which has high 
fertility. The main concerns of management are con- 
trolling water erosion, improving drainage, and main- 
taining good tilth and fertility. 


5. Barnes-Svea-Buse association 


Gently undulating to hilly, well drained and moderately 
well drained, deep, medium textured sotls 


This association consists of soils that formed in 
glacial till that has a clay content of more than 18 per- 
cent. Most areas of these soils are gently undulating 
and hilly, but some areas are nearly level and steep. 

This association occupies about 2 percent of the sur- 
vey area. It is about 50 percent Barnes soils, 25 percent 
Svea soils, 15 percent Buse soils, and 10 percent minor 
soils. 

Barnes soils are gently undulating to hilly and are 
well drained. The surface layer is dark-gray loam 
about 6 inches thick, and it is thinner on the steeper 
slopes. The subsoil is brown, firm clay loam about 10 
inches thick. The substratum is light-gray and light 
brownish-gray clay loam that has an accumulation of 
lime in the upper part. Permeability is moderate in 
the upper part and moderately slow in the lower part. 
The available water capacity is high. 

Svea soils are gently sloping and sloping and are 
moderately well drained. The surface layer is very dark 
gray loam about 6 inches thick. The next layer is dark- 
gray silt loam about 5 inches thick. The subsoil is 
dark grayish-brown, friable silt loam and loam about 
12 inches thick. The substratum is pale-yellow and 
mottled light-gray loam that has an accumulation of 
lime in the upper part. Permeability is moderate in the 
upper part and moderately slow in the lower part. 
The available water capacity is high. 

Buse soils are gently rolling and hilly and are well 
drained. The surface layer is loam about 7 inches 
thick. Colors are mixed, The substratum is mottled 
light brownish-gray loam that has an accumulation of 
lime in the upper 27 inches and is mottled light yellow- 
ish-brown loam in the lower part. Permeability is mod- 
erately slow, and the available water capacity is high. 

Minor soils of this association are in the Tonka, 
Parnell, and Vallers series. Stony phases of Barnes, 
Svea, and Buse soils are also in the association. The 
Tonka soils are poorly drained, and the Parnell soils are 
very poorly drained. Both soils are in depressions. The 
Vallers soils are poorly drained and are on rims around 
the depressions. 

The hilly soils in this association are used mainly 
for pasture for cattle and sheep. The less sloping areas 
are used for cultivated crops. These soils are suited 
to all close-growing crops commonly grown in the sur- 
vey area. The organic-matter content is high in the 
Barnes and Svea soils and moderate in Buse soils. 
Fertility is high in the Svea soils, medium in the 
Barnes soils, and low in the Buse soils. The main con- 


cerns of management are overgrazing of pasture, con- 
trolling water erosion, and maintaining good fertility. 


Soils of Dominantly Sand Mantled 
Glacial Till Plains 


Soils of the sand mantled glacial till plains are nearly 
level to steep on glacial moraines. These are deep soils 
that formed in moderately coarse textured and coarse 
textured melt-water and wind-reworked sand deposits 
overlying loamy glacial till at variable depths. The 
sand mantle is about 7 to 50 inches thick, but it is 
thicker along foot slopes and swales. The underlying 
glacial till is sandy or silty in some areas. 

There are three soil associations in this group. They 
make up about 10 percent of the survey area. 


6. Towner-Heimdal-Swenoda association 


Nearly level and gently undulating, moderately well 
drained and well drained, deen, moderately coarse tex- 
tured and medium textured soils 


This association consists of soils that formed in 
glacial melt-water deposits overlying loamy glacial till. 
These soils are nearly level and gently sloping, but they 
are steeper along drainageways, depressions, and large 
sloughs throughout the area. 

This association occupies about 4 percent of the 
survey area. It is about 25 percent Towner soils, 25 
percent Heimdal fine sandy loam soils, 15 percent 
Swenoda soils, and 85 percent minor soils. 

Towner soils are nearly level to gently undulating 
and are moderately well drained. The surface layer is 
very dark gray fine sandy loam about 18 inches thick. 
The substratum is dark grayish brown, very friable 
loamy fine sand in the upper 9 inches. It is mottled 
light olive-brown and pale-yellow loam in the lower 
part. Permeability is rapid in the surface layer and 
moderately slow in the substratum. The available water 
capacity is moderate. 

Heimdal soils are nearly level and gently undulat- 
ing and are well drained. The surface layer is dark- 
gray sandy loam about 7 inches thick. The subsoil 
is dark grayish-brown and pale brown, friable loam 
5 to 11 inches thick. The substratum is mottled light- 
gray, light olive-brown, and light brownish-gray loam 
that has an accumulation of lime in the upper part. 
Permeability is moderate, and the available water ca- 
pacity is high. 

Swenoda soils are nearly level and gently undulat- 
ing and are moderately well drained. The surface layer 
is very dark gray fine sandy loam in the upper 8 inches 
and very dark grayish brown sandy loam in the lower 
10 inches, The subsoil is dark grayish-brown, mottled, 
very friable sandy loam about 10 inches thick. The 
upper part of the substratum is grayish-brown sandy 
loam about 2 inches thick, and the lower part is light- 
gray and light grayish-brown clay loam. Permeability 
is moderately rapid in the surface layer and subsoil 
and moderately slow in the substratum. The available 
water capacity is moderate. 

Minor soils of this association are in the Egeland, 
Embden, Dickey, Hecla, Cathay, and Larson series. 
The Egeland and Dickey soils are well drained and 
are on back slopes. The Embden and Hecla soils are 
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Figure 3.—Topography, underlying materials, and typical pattern of soils in association 7. 


moderately well drained and are in swales. The Cathay 
and Larson soils are moderately well drained and some- 
what poorly drained and are in swales, 

Soils of this association are used mainly for culti- 
vated crops. They are suited to all crops commonly 
grown in the survey area. A few steep areas and wet 
areas are used for pasture or wildlife habitat. The 
organic-matter content is high, and fertility is medium. 
The main concerns of management are controlling soil 
blowing and maintaining good tilth and fertility. 


7. Egeland-Heimdal-Swenoda association 


Gently sloping and hilly, well drained and moderately 
well drained, deep, moderately coarse textured and me- 
dium textured soils 


This association consists of soils that formed in 
wind- and water-reworked sandy deposits overlying 
loamy glacial till. Most of the areas are gently sloping 
or hilly, but there are nearly level areas and steeper 
sloping areas along drainageways and depressions 
throughout the area, Some permanent lakes are in this 
association. 

This association occupies about 4 percent of the sur- 
vey area. It is about 25 percent Egeland soils, 25 per- 
cent Heimdal soils, 15 percent Swenoda soils, and 35 
percent minor soils (fig. 3). 

Egeland soils are gently sloping and hilly and are 
well drained. The surface layer is dark-gray sandy 
loam about 8 inches thick. The subsoil is dark grayish- 
brown and grayish-brown, very friable sandy loam 


about 12 inches thick. The upper part of the substra- 
tum is light brownish-gray loamy fine sand. In this 
association the substratum, below a depth of 40 inches, 
is loamy glacial till. Permeability is moderately rapid 
in the surface layer and subsoil and moderately slow in 
Loe The available water capacity is mod- 
erate. 

Heimdal soils are gently sloping and hilly and are 
well drained. The surface layer is dark-gray sandy 
loam about 7 inches thick. The subsoil is dark grayish- 
brown and pale-brown, friable loam about 9 inches 
thick. The substratum is mottled, light-gray, Hght 
olive-brown, and light brownish-gray loam that has an 
accumulation of lime in the upper part. Permeability 
is moderate, and the available water capacity is high. 

Swenoda soils are nearly level and gently sloping 
and are moderately well drained. The surface layer is 
very dark gray fine sandy loam in the upper 8 inches 
and very dark grayish-brown sandy loam in the lower 
10 inches. The subsoil is dark grayish-brown, mottled, 
very friable sandy loam about 10 inches thick. The 
upper part of the substratum is grayish-brown sandy 
loam about 2 inches thick, and the lower part is light- 
gray and light grayish-brown clay loam. Permeability 
is moderately rapid in the surface layer and subsoil 
and moderately slow in the substratum. The available 
water capacity is moderate. 

Minor soils of this association are in the Embden, 
Towner, Dickey, Marysland, Cathay, and Larson se- 
ries, The Dickey soils are well drained and are on back 
slopes. The Embden and Towner soils are moderately 
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well drained and are in swales. The Marysland soils 
are poorly drained and are on rims around depressions. 
The Cathay and Larson soils are moderately well 
drained and somewhat poorly drained and are in 
swales. 

Soils of this association are used mainly for culti- 
vated crops. The deep potholes, sloughs, and some of 
the hilly and steep areas are used for pasture, hay, or 
as wildlife habitat. The soils in cultivated areas are 
well suited to all crops commonly grown in the survey 
area, but sloping areas are suited only to close-growing 
crops. The organic-matter content is high in all the 
soils except Egeland soils, in which it is moderate. 
Fertility is medium. The main concerns of manage- 
ment are controlling soil blowing and water erosion 
and maintaining good tilth and fertility. 


8. Heimdal-Embden-Serden association 


Nearly level to steep, well drained, moderately well 
drained. and excessively drained, deep, medium teax- 
tured, moderately coarse textured anu coarse textured 
soils 


This association consists of soils that formed in 
wind- and water-reworked glaciofluvial sediments over- 
lying glacial till. Most areas of these soils are on hilly 
and steeply sloping terminal moraines composed of 
lake sediments that have been deposited by glaciation. 
Some of the ridges are stony. There are nearly level 
and gently sloping areas, drainageways, deep depres- 
sions, and sloughs throughout this association. 

This association occupies about 2 percent of the 
survey area. It is about 35 percent Heimdal soils, 20 
percent Embden soils, 15 percent Serden soils, and 30 
percent minor soils. 

Heimdal soils are sloping to steep and are well 
drained. The surface layer is dark-gray sandy loam 
about 7 inches thick. The subsoil is dark grayish- 
brown and pale-brown, friable loam about 9 inches 
thick. The substratum is mottled, light-gray, light 
olive-brown, and light brownish-gray loam that has an 
accumulation of lime in the upper part. Permeability 
is moderate, and the available water capacity is high. 

Embden soils are nearly level to gently sloping and 
are moderately well drained. The surface layer is dark 
gray and is 13 inches thick. The upper 5 inches is 
sandy loam and the next 8 inches is fine sandy loam. 
The subsoil is dark grayish-brown, very friable, fine 
sandy loam about 23 inches thick. The upper part of 
the substratum is dark-brown fine sandy loam, and the 
lower part is yellowish-brown and light yellowish- 
brown fine sand. Loamy glacial till is at a depth of 
about 40 inches in places. Permeability is moderately 
rapid, and the available water capacity is moderate. 

Serden soils are nearly level to moderately steep and 
are excessively drained. The surface layer is dark-gray 
loamy fine sand about 2 inches thick. The substratum 
is grayish-brown loose fine sand and sand. Permeabil- 
wy is rapid, and the available water capacity is very 
ow. 

Minor soils of this association are in the Esmond, 
Egeland, Hecla, and Maddock series. The Esmond soils 
are well drained and are on shoulder slopes. The Ege- 
land and Maddock soils are well drained and are on 


back slopes. The Hecla soils are moderately well 
drained and are in swales. 

Soils of this association are used mainly for pasture. 
Some of the less sloping areas are used for hay or 
cultivated crops. The organic-matter content is high in 
the Heimdal and Embden soils and low in the Serden 
soils. Fertility is medium in the Heimdal and Embden 
soils and low in the Serden soils. The main concerns of 
management are controlling water erosion and soil 
blowing, preventing overgrazing of pasture, and main- 
taining good fertility. 


Soils Dominantly of Glacial Outwash Plains and 
Sand Mantled Till Plains 


Soils of the outwash plains and till plains are nearly 
level and gently undulating. These soils formed in 
moderately coarse textured and coarse textured melt- 
water or windblown deposits. Poorly drained and very 
poorly drained depressions and sloughs are common. 
The water table is within 5 feet of the surface over 
much of the area. 

One soil association is in this group. It makes up 
about 6 percent of the survey area. 


9, Hecla-Maddock-Hamar association 


Nearly level and gently undulating, moderately well 
drained, well drained and somewhat poorly drained, 
deep, moderately coarse textured and coarse textured 
soils 


This association consists of soils that formed in 
wind- and water-deposited sand. Most areas of these 
soils are nearly level, but some are gently undulating. 
There are poorly drained and very poorly drained de- 
pressions and sloughs. 

This association occupies about 6 percent of the sur- 
vey area, It is about 35 percent Hecla soils, 20 percent 
Maddock soils, 10 percent Hamar soils, and 35 percent 
minor soils. 

Hecla soils are nearly level and gently undulating 
and are moderately well drained. The surface layer is 
very dark gray sandy loam about 16 inches thick. The 
subsoil is dark grayish-brown, very friable loamy sand 
about 16 inches thick. The substratum is mottled, 
grayish-brown loamy sand and fine sand. Permeabil- 
ity is rapid, and the available water capacity is low. 

Maddock soils are nearly level and gently undulat- 
ing and are well drained. The surface layer is dark- 
gray loamy sand or sandy loam about 7 inches thick. 
The subsoil is dark grayish-brown, very friable loamy 
sand about 13 inches thick. The substratum is brown, 
pale-brown, and grayish-brown loamy sand and sand. 
oe is rapid, and the available water capacity 
is low. 

Hamar soils are nearly level and are somewhat 
poorly drained. The surface layer is loamy sand about 
13 inches thick. It is very dark gray in the upper part 
and dark gray in the lower part. The substratum is 
mottled, light brownish-gray and grayish-brown sand. 
eid is rapid, and the available water capacity 
is low. 

Minor soils of this association are in the Arveson, 
Marysland, Wyndmere, Clontarf, Stirum, and Totten 
series. The Arveson and Marysland soils are poorly 
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drained and are in swales and deep depressions. The 
Wyndmere soils are somewhat poorly drained, the 
Stirum soils are poorly drained, and the Totten soils 
are poorly drained and very poorly drained. They are 
in shallow depressions. The Clontarf soils are mod- 
erately well drained and are in shallow depressions. 

Soils of this association have been used mainly for 
cultivated crops, except in the poorly drained and very 
poorly drained areas. Much of the area has been re- 
seeded to grass. The moderately well drained and well 
drained soils are suited to all crops commonly grown 
in the survey area. All of the soils are suited to grasses 
and legumes. The organic-matter content is moderate, 
and fertility is medium in all the soils except Maddock 
soils, which have low fertility. The main concerns of 
management are controlling soil blowing and over- 
grazing, conserving moisture, and maintaining good 
tilth and fertility. 


Soils of the Sandy Glacial Outwash Plains 


Soils of the sandy outwash plains are nearly level 
and gently undulating. They formed in moderately 
coarse textured and coarse textured melt-water or 
windblown deposits. Most of the sand in these soils is 
coarse. In some areas there are hummocky sand dunes 
that are stabilized and some poorly drained and very 
poorly drained depressions and sloughs. 

The one soil association in this group makes up 
about 7 percent of the survey area. 


LO. Claire-Lohnes-Haniar association 


Nearly level or gently undulating, excessively drained, 
moderately well drained, and somewhat poorly drained, 
ree coarse textured and moderately coarse textured 
soils 

This association consists of soils that formed in 
wind- and water-deposited medium and coarse sands. 
Slopes are nearly level and gently undulating, but some 
areas are hummocky because of soil blowing. There 
are some poorly drained and very poorly drained de- 
pressions and sloughs. 

This association occupies about 7 percent of the 
survey area. It is about 30 percent Claire soils, 25 
percent Lohnes soils, 10 percent Hamar soils, and 85 
percent minor soils (fig. 4). 

Claire soils are nearly level and gently undulating 
and are excessively drained. The surface layer is dark- 
gray loamy coarse sand about 8 inches thick. The tran- 
sitional layer is dark grayish-brown, very friable 
loamy coarse sand about 6 inches thick. The sub- 
stratum is dark grayish-brown, grayish-brown, and 
light-gray coarse sand that has strata of fine sand. 
Permeability is rapid, and the available water capacity 
is very low. 

Lohnes soils are nearly level and gently undulating 
and are moderately well drained. The surface layer is 
very dark gray loamy coarse sand about 16 inches 
thick. The next layer is dark grayish-brown, very fri- 
able, loamy coarse sand about 14 inches thick. The 
substratum is mottled brown and _ grayish-brown 


Figure 4.—Topography, underlying materials, and typical pattern of soils in association 10. 
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coarse sand, Permeability is rapid, and the available 
water capacity is low. 

Hamar soils are nearly level and are somewhat 
poorly drained. The surface layer is loamy sand about 
18 inches thick. It is very dark gray in the upper 7 
inches and mottled dark gray in the lower 6 inches. 
The substratum is mottled, light brownish-gray and 
grayish-brown sand and loamy sand. In this associa- 
tion most of the sand particles are coarse. Permeability 
is rapid, and the available water capacity is low. 

Minor soils of the association are in the Serden, 
Arveson, Wyrene, Marysland, Wyndmere, Fossum, and 
Stirum series. The Serden soils are excessively drained 
and are on shoulder slopes. The Wyrene and Wyndmere 
soils are somewhat poorly drained and are in positions 
similar to those of Hamar soils. The Marysland, 
Arveson, and Fossum soils are poorly drained and are 
in deep depressions. The Stirum soils are poorly 
drained and are in shallow depressions. 

Some of the nearly level areas of this association are 
used for cultivated crops. Many of the gently undulat- 
ing areas were cultivated but have been reseeded to 
grass. The soils are generally poorly suited to culti- 
vated crops because of the hazard of soil blowing and 
the low and very low available water capacity. The 
soils, especially those that have a high water table, are 
well suited to grasses and legumes. The organic- 
matter content is low in Claire and Lohnes soils and 
moderate in Hamar soils. Fertility is medium in Hamar 
soils, low in Lohnes soils, and very low in Claire soils. 
The main concerns of management are conserving 
moisture, controlling soil blowing and overgrazing, and 
maintaining good fertility. 


Soils of the Shaly Sandy and Gravelly 
Glacial Outwash Plains 


Soils of the shaly outwash plains are mostly nearly 
level and gently undulating, but they are hilly to steep 
in pitted outwash areas. These are very shallow to 
moderately deep soils that formed in medium-textured 
and moderately coarse textured deposits overlying 
shaly sand and gravel. 

Two soil associations are in this group. They make 
up about 16 percent of the survey area. 


Il. Brantford-Binford-Kensal association 


Nearly level and gently undulating, well drained, some- 
what excessively drained and moderately well drained, 
shallow and moderately deep, medium textured and 
moderately coarse textured soils 


This association consists of shallow and moderately 
deep soils that formed in medium-textured and moder- 
ately coarse textured sediment overlying shaly sand 
and gravel. Most areas of these soils are on nearly 
level and gently undulating, smooth slopes. Steeper 
areas are near drainageways and depressions. 

This association occupies about 12 percent of the 
survey area. It is about 30 percent Brantford soils, 
15 percent Binford soils, 15 percent Kensal soils, and 
40 percent minor soils (fig. 5). 

Brantford soils are nearly level to gently undulating 
and are well drained. The surface layer is very dark 
gray and very dark grayish-brown loam about 9 inches 


thick. The subsoil is dark grayish-brown, friable loam 
about 6 inches thick. The substratum is grayish-brown 
and dark grayish-brown, stratified shaly sand and 
gravel. Permeability is moderately rapid in the surface 
layer and subsoil and very rapid in the substratum. 
The available water capacity is low. 

Binford soils are nearly level and gently undulating 
and are somewhat excessively drained. The surface 
layer is very dark gray sandy loam about 6 inches 
thick. The subsoil is dark grayish-brown, friable sandy 
loam about 7 inches thick. The substratum is light 
olive-gray, stratified shaly sand and gravel. Perme- 
ability is moderately rapid in the surface layer and 
subsoil and very rapid in the substratum. The available 
water capacity is low. 

Kensal soils are nearly level and are moderately 
well drained. The surface layer is very dark gray loam 
about 8 inches thick. The upper part of the subsoil 
is dark grayish-brown, friable loam about 6 inches 
thick. The lower parts of the subsoil are mottled, 
grayish-brown, friable loam 4 inches thick and mot- 
tled, grayish-brown heavy sandy loam 6 inches thick. 
The substratum is light brownish-gray, stratified shaly 
sand and gravel. Permeability is moderately rapid in 
the surface layer and subsoil and very rapid in the 
substratum. The available water capacity is low. 

Minor soils of this association are in the Walum, 
Marysland, Borup, Tolna, and Divide series. The 
Walum soils are moderately well drained and are in a 
landscape position similar to that of Kensal soils. The 
Marysland and Borup soils are poorly drained and are 
in deep depressions. The Tolna soils are somewhat 
poorly drained and are in shallow depressions, and the 
Divide soils are somewhat poorly drained and are on 
the edges of deep depressions and in shallow depres- 
sions. 

Soils of this association are used mainly for culti- 
vated crops. They are suited to all crops commonly 
grown in the survey area. The organic-matter content 
is high in Brantford and Kensal soils and moderate 
in Binford soils. Fertility is medium. The main con- 
cerns of management are conserving moisture, control- 
ling soil blowing and water erosion, and maintaining 
good tilth and fertility. 


12. Brantford-Binjord-Coe association 


Gently undulating to hilly, well drained, somewhat ex- 
cessively drained and excessively drained, very shallow 
and shallow, medium textured and moderately coarse 
textured soils 


This association consists of shallow and very shal- 
low soils that formed in medium-textured and moder- 
ately coarse textured sediment overlying shaly sand 
and gravel. These soils are mostly gently undulating 
to hilly, but they are nearly level and steeply sloping 
in places. 

This association occupies about 4 percent of the sur- 
vey area. It is about 25 percent Brantford soils, 25 
percent Binford soils, 20 percent Coe soils, and 30 
percent minor soils. 

Brantford soils are gently undulating to hilly and 
are well drained. The surface layer is very dark gray 
and very dark grayish-brown loam about 9 inches thick. 
The subsoil is dark grayish-brown, friable loam about 
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Figure 5.—Topography, underlying materials, and typical pattern of soils in association 11. 


6 inches thick. The substratum is grayish-brown and 
dark grayish-brown, stratified shaly sand and gravel. 
Permeability is moderately rapid in the surface layer 
and subsoil and very rapid in the substratum. The 
available water capacity is low. 

Binford soils are gently undulating to hilly and are 
somewhat excessively drained. The surface layer is 
very dark gray sandy loam about 6 inches thick. The 
substratum is light olive-gray, stratified shaly sand 
and gravel. Permeability is moderately rapid in the sur- 
face layer and subsoil and very rapid in the substratum. 
The available water capacity is low. 

Coe soils are gently undulating to hilly and are ex- 
cessively drained. The surface layer is dark-gray sandy 
loam about 6 inches thick. The substratum is light 
brownish-gray and gray, stratified shaly sand and 
gravel. Permeability is very rapid, and the available 
water capacity is very low. 

Minor soils of this association are in the Borup, 
Marysland, Spottswood, and Vang series. The Borup 
and Marysland soils are poorly drained and are in 
deep depressions. The Spottswood soils are moderately 
well drained, and the Vang soils are well drained. 
Both of these soils are in swales and on foot slopes 
and toe slopes. 

The gently undulating and gently rolling areas of 
this association are used for cultivated crops. The 
hilly, steep, and wet areas are used for pasture or 


hay. The organic-matter content is high in Brantford 
soils, moderate in Binford soils, and moderately low in 
Coe soils. Fertility is medium in Brantford and Bin- 
ford soils and low in Coe soils, The main concerns of 
management are controlling soil blowing and water 
and fertility. Pasture management is necessary to pre- 
vent overgrazing. 


Soils of the Sandy and Gravelly Glacial 
Outwash Plains 


Soils of the sandy and gravelly outwash plains are 
mostly nearly level and gently undulating. These are 
medium textured and moderately coarse textured soils 
that formed in shallow, moderately deep, and deep 
deposits overlying sand and gravel. Four soil associa- 
tions are in this group, They make up about 16 percent 
of the survey area. 


13. 


Nearly level and gently undulating, somewhat exces- 
sively drained, shallow, medium textured and moder- 
ately coarse textured sotls 


This association consists of soils that formed in 
medium textured and moderately coarse textured sedi- 
ment overlying sand and gravel. Most areas of these 
soils are nearly level, but some are gently undulating. 


Renshaw-Arvilla association 
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Some areas are on high terraces along the Sheyenne 
River and James River. 

This association occupies about 6 percent of the 
survey area. It is about 30 percent Renshaw soils, 30 
percent Arvilla soils, and 40 percent minor soils. 

Renshaw soils are nearly level and gently undulat- 
ing and are somewhat excessively drained. The sur- 
face layer is dark-gray loam about 6 inches thick. The 
subsoil is dark grayish-brown and grayish-brown, fri- 
able loam about 9 inches thick. The substratum is 
brown and pale-brown stratified sand and gravel. Per- 
meability is moderately rapid in the surface layer and 
subsoil and very rapid in the substratum. The avail- 
able water capacity is low. 

Arvilla soils are nearly level and gently undulating 
and are somewhat excessively drained. The surface 
layer is dark-gray sandy loam about 5 inches thick. 
The subsoil is dark-gray and grayish-brown, very fri- 
able sandy loam about 18 inches thick, The substratum 
is grayish-brown, yellowish-brown, brown, and light 
brownish-gray stratified sand and gravel. Permeability 
is moderately rapid in the surface layer and subsoil 
and very rapid in the substratum. The available water 
capacity is low. 

Minor soils of this association are in the Divide, 
Warsing, Fordville, and Osakis series. Several gravel 
pits are also in the association. The Divide soils are 
somewhat poorly drained and are in shallow depres- 
sions. The Fordville soils are well drained, and the 
Osakis soils are moderately well drained. These soils 
are in swales. 

Soils of this association are used mainly for culti- 
vated crops. They are suited to all crops commonly 
grown in the survey area. The organic-matter content 
is moderate and fertility is medium in both Renshaw 
and Arvilla soils. The main concerns of management 
are conserving moisture, controlling soil blowing and 
water erosion, and maintaining good tilth and fer- 
tility. 


14. Divide-Glyndon association 


Nearly level, somewhat poorly drained, moderately deep 
and deep, medium textured soils 


This association consists of soils that formed in 
medium-textured sediment overlying sand and gravel. 
Most areas are nearly level, but some are gently un- 
dulating. 

This association occupies about 3 percent of the 
survey area. It is about 40 percent Divide soils, 25 
percent Glyndon ‘soils, and 35 percent minor soils. 

Divide soils are nearly level and are somewhat poorly 
drained. The surface layer is very dark gray loam 
about 11 inches thick. It is dark gray and light gray 
in the lower 4 inches. The upper part of the substratum 
is light-gray, calcareous, friable loam about 11 inches 
thick. The lower part is grayish-brown and light 
brownish-gray sand and gravel. Permeability is mod- 
erate in the surface layer and upper part of the sub- 
stratum and is very rapid in the lower part of the 
substratum. The available water capacity is low. 

Glyndon soils are nearly level and are somewhat 
poorly drained. The surface layer is dark gray and is 
about 10 inches thick. It is loam in the upper part and 
silt loam in the lower part. The substratum is 50 inches 


thick. The upper 20 inches is light-gray, friable silt 
loam that has an accumulation of lime. The next 12 
inches is mottled, grayish-brown, very fine sandy loam. 
The lower 18 inches is light brownish-gray loamy fine 
sand. Permeability is moderate, and the available 
water capacity is high. 

Minor soils of this association are in the Borup, 
Marysland, Warsing, and Totten series. The Borup and 
Marysland soils are poorly drained and are in deep 
depressions. The Warsing soils are moderately well 
drained and are in slightly higher positions than Di- 
vide and Glyndon soils. The Totten soils are poorly 
drained and very poorly drained and are in positions 
similar to those of Divide and Glyndon soils. 

Soils of this association are used for cultivated 
crops, hay, and pasture. The organic-matter content is 
high and fertility is medium in these soils. The main 
concerns of management are controlling wetness, con- 
trolling soil blowing in cultivated areas, and maintain- 
ing good tilth and fertility. 


15. Marysland-Borup association 


Nearly level, poorly drained, moderately deep and deep, 
medium textured soils 


This association consists of soils that formed in 
lacustrine and outwash sediment. These areas are 
nearly level glacial outwash channels 14 to 1 mile 
wide and 8 to 10 miles long. Many seeps and small, 
better drained areas are along the channels. 

This association occupies 3 percent of the survey 
area. It is about 30 percent Marysland soils, 30 per- 
cent Borup soils, and 40 percent minor soils. 

Marysland soils are nearly level and are poorly 
drained or very poorly drained. The surface layer is 
about 12 inches thick. The upper part is very dark 
gray loam, and the lower part is gray silt loam that 
has an accumulation of lime. The next layer is friable 
silt loam about 12 inches thick that also has an ac- 
cumulation of lime. It is gray in the upper part and 
light gray in the lower part. Below this is mottled 
dark-gray sandy clay loam about 5 inches thick. The 
underlying material is medium and coarse sand that 
is mottled light olive gray in the upper 11 inches 
and mottled gray in the lower part. Permeability is 
moderately rapid, and the available water capacity is 
moderate. 

Borup soils are nearly level and are poorly drained. 
The surface layer is silt loam about 11 inches thick. 
It is dark gray. The upper part is dark gray, and 
the lower part is gray and has an accumulation of 
lime. The substratum is about 49 inches thick. The 
upper 23 inches is white, friable silt loam that has 
an accumulation of lime. The next 20 inches is silt 
loam that is light gray and white in the upper part 
and light yellowish brown and light gray in the lower 
part. Below this is light yellowish-brown sand and 
gravel. Permeability is moderate, and the available 
water capacity is high. 

Minor soils of this association are in the Colvin, 
Arveson, Totten, and Letcher series, The Colvin soils 
are poorly drained and very poorly drained, and the 
Arveson soils are poorly drained. These soils are in 
landscape positions similar to those of Marysland and 
Borup soils. The Letcher soils are somewhat poorly 
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drained, and the Totten soils are poorly drained and 
very poorly drained. These soils are in slightly higher 
positions than Marysland and Borup soils. 

Soils of this association are used mainly for pas- 
ture and hay. The organic-matter content-is high and 
fertility is medium in the Marysland and Borup soils. 
The main concerns of management are controlling 
wetness and overgrazing and maintaining good fer- 
tility. 


16. Totten-Letcher association 


Nearly level, poorly drained, very poorly drained and 
somewhat poorly drained, moderately deep and deep, 
moderately fine textured to moderately coarse textured 
claypan soils 


This association consists of soils that formed in 
medium textured and moderately coarse textured sedi- 
ment overlying sand and gravel and of deep soils that 
formed in moderately coarse textured glaciofluvial de- 
posits. These soils are mostly nearly level, but they 
are gently undulating in places. 

This association occupies about 4 percent of the sur- 
vey area. It is about 50 percent Totten soils, 15 per- 
cent Letcher soils, and 35 percent minor soils. 

Totten soils are nearly level and poorly drained or 
very poorly drained, and they have a claypan. The 
surface layer is very dark gray loam about 5 inches 
thick, The subsoil is about 21 inches thick. It is dark- 
gray, friable, sandy clay loam in the upper 5 inches; 
light-gray, friable, sandy clay loam in the next 7 
inches; and mottled light-gray loam in the lower 9 
inches. The upper 8 inches of the substratum is mot- 
tled, light yellowish-brown coarse sand. The next 6 
inches is light yellowish-brown gravelly coarse sand. 
The lower part is light olive-brown and light yellowish- 
brown stratified coarse sand, gravelly coarse sand, and 
sandy gravel. Permeability is moderately slow in the 
surface layer and subsoil and rapid in the substratum. 
The available water capacity is low. 

Letcher soils are nearly level and are somewhat 
poorly drained. The surface layer is very dark sandy 
loam about 7 inches thick. The subsurface layer is 
dark-gray sandy loam about 2 inches thick. The sub- 
soil is dark grayish-brown and very dark grayish- 
brown, very firm sandy loam about 9 inches thick. 
The upper part of the substratum is light-gray, light 
olive-gray, and olive-gray sandy loam to loam that has 
an accumulation of lime. The underlying material is 
grayish-brown, light brownish-gray, and light-gray 
medium and coarse sands. Permeability is slow in the 
surface layer and subsoil and rapid in the substratum. 
The available water capacity is low. 

Minor soils of this association are in the Osakis, 
Wyrene, Lemert, and Stirum series. The Osakis soils 
are moderately well drained and are in positions slightly 
higher than those of Totten and Letcher soils. The 
Wyrene soils are somewhat poorly drained and are in 
positions similar to those of Letcher soils. The Stirum 
soils are poorly drained, and the Lemert soils are poorly 
drained and somewhat poorly drained. These soils are 
in positions similar to those of Totten soils. 

Soils of this association are used for cultivated 
crops, pasture, and hay. The organic-matter content is 
moderate and fertility is low in the Totten and Letcher 


soils. The main concerns of management are control- 
ling soil blowing, improving drainage, and improving 
tilth and fertility. 


Soils of the Bottom Lands and Side Slopes 
of the Sheyenne and James Rivers 


Soils of the bottom lands and side slopes are deep, 
medium textured and moderately fine textured soils 
that formed in alluvial sediments, glacial till, and col- 
luvial deposits of the Sheyenne and James River 
Valleys. One soil association is in this group. It makes 
up about 6 percent of the survey area, 


17. Lamoure-Buse-Walsh association 


Nearly level to steep, poorly drained, well drained, and 
moderately well drained, deep, moderately fine textured 
and medium teatured soils 


This association consists of soils that formed in 
alluvial deposits, glacial till, and colluvial deposits of 
the Sheyenne and James River Valleys. The soils on 
the bottom lands are nearly level, on the side slopes 
they are sloping to steep, and on the foot slopes and 
alluvial fans they are nearly level to sloping. 

This association occupies about 6 percent of the 
survey area. It is about 15 percent Lamoure soils, 10 
percent Buse soils, 10 percent Walsh soils, and 65 per- 
cent minor soils. 

Lamoure soils are nearly level and are poorly 
drained. The surface layer is silty clay loam about 19 
inches thick. It is very dark gray in the upper 7 inches 
and dark gray in the lower 12 inches. The subsoil is 
gray, firm clay loam about 27 inches thick. The sub- 
stratum is dark-gray silty clay loam. Permeability is 
moderate, and the available water capacity is high. 

Buse soils are sloping to steep and are well drained. 
The surface layer is loam about 7 inches thick. It has 
mixed colors. The upper 27 inches of the substratum is 
mottled, light brownish-gray, friable loam that con- 
tains an accumulation of lime, and the lower part is 
mottled light yellowish-brown loam. Permeability 
- oceraely slow, and the available water capacity is 

igh. 

Walsh soils are nearly level to sloping and are mod- 
erately well drained and well drained. The surface 
layer is very dark gray loam about 19 inches thick. The 
subsoil is dark grayish-brown, friable loam about 11 
inches thick. The substratum is light brownish-gray 
and white loam that has an accumulation of lime in 
the upper part. Permeability is moderate, and the 
available water capacity is high. 

Minor soils of this association are in the La Prairie, 
Sioux, Coe, Kloten, Esmond, Edgeley, LaDelle, Ryan, 
Barnes, Heimdal, Borup, and Vallers series. ‘Many 
areas are stony. The La Prairie and LaDelle soils are 
moderately well drained and are on bottom lands. The 
Sioux and Coe soils are excessively drained and are on 
steep side slopes. The Kloten and Edgeley soils are well 
drained and are on nearly level upper slopes and steep 
side slopes. The Esmond, Heimdal, and Barnes soils 
are well drained and are on side slopes. The Ryan soils 
are poorly drained and are on bottom lands. The Borup 
and Vallers soils are poorly drained and are on seep 
areas. 
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Soils of this association are used mainly for pasture. 
Some soils on bottom lands, foot slopes, and alluvial 
fans are suited to cultivated crops. Trees grow on the 
Sheyenne River bottom lands, and in places they cover 
the entire valley. The organic-matter content is high 
in Lamoure and Walsh soils and moderate in Buse 
soils. Fertility is medium in Lamoure and Walsh soils 
and low in Buse soils. The main concerns of manage- 
ment are controlling overgrazing and maintaining 
good tilth and fertility. 


Soils of Dry Lake Basins 


Soils of dry lake basins are around Stump Lake. One 
soil association is in this group. It makes up less than 1 
percent of the survey area. 


18. Lallie association 


Nearly level, poorly drained and very poorly drained, 
deep, moderately fine textured soils 


This association consists of soils that formed in fine- 
textured alluvial sediment. They are on nearly level 
lake basins that have dried up in the last 50 years. 

This association occupies less than 1 percent of the 
survey area. It is about 90 percent Lallie soils and 10 
percent minor soils. 

Lallie soils are nearly level and are poorly drained or 
very poorly drained. The surface layer is dark-gray, 
calcareous silty clay loam about 2 inches thick. The 
upper 22 inches of the substratum is mottled, light- 
gray and gray, friable silty clay loam. The next 8 
inches is very dark gray silty clay. The rest is mottled, 
light-gray and gray silty clay. Permeability is slow, 
and the available water capacity is moderate. 

Minor soils of this association are in the Glyndon, 
Bearden, and Colvin series. Some areas are saline. The 
Colvin soils are poorly drained and very poorly drained 
and are in positions similar to those of Lallie soils. The 
Glyndon and Bearden soils are somewhat poorly 
drained and are in slightly higher positions than Lallie 
soils. 

Soils of this association are used mainly for pasture 
and hay. Some of the soils in the higher, better 
drained areas are used for cultivated crops. These soils 
are suited to salt-tolerant grasses and grain crops. 
The organic-matter content is moderate, and fertility 
is low. The main concerns of management are con- 
trolling wetness and salinity and improving tilth and 
fertility. 


Descriptions of the Soils 


This section describes the soil series and mapping 
units in Eddy County and parts of Benson and Nelson 
Counties. A soil series is described in detail, and then, 
briefly, each mapping unit in that series is described. 
Unless specifically stated otherwise, what is stated 
about the soil series holds true for the mapping units 
in that series. Thus, to get full information about any 
one mapping unit, it is necessary to read both the 
description of the mapping unit and the description of 
the soil series to which it belongs. 

An important part of the description of each soil 


series is the soil profile, that is, the sequence of layers 
from the surface downward to rock or other underlying 
material. Two descriptions of this profile are given for 
each series. The first is brief and in terms familiar to 
the layman. The second is detailed and is for those who 
need to make thorough and precise studies of soils. 
Color terms are for dry soil unless otherwise stated. 
The profile described in the series is representative for 
mapping units in that series. If the profile of a given 
mapping unit is different from the one described for 
the series, the differences are stated in describing the 
mapping unit or they are apparent in the name of the 
mapping unit. 

As mentioned in the section “How This Survey Was 
Made,” not all mapping units are members of a soil 
series, Made land and Peat, for example, do not belong 
to a soil series. Nevertheless, they are listed in alpha- 
betic order along with the soil series. 

Following the name of each mapping unit is a sym- 
bol in parentheses. This symbol identifies the mapping 
unit on the detailed soil map. Listed at the end of each 
description of a mapping unit is the capability unit 
and windbreak suitability group in which the mapping 
unit has been placed. The page for the description of 
each capability unit and windbreak suitability group 
can be found by referring to the “Guide to Mapping 
Units” at the back of this survey. 

The approximate acreage and proportionate extent 
of each mapping unit are shown in table 1. Many of the 
terms used in describing soils can be found in the 
“Glossary” at the end of this survey, and more de- 
tailed information about the terminology and methods 
of soil mapping can be obtained from the Soil Survey 
Manual (8).? 


Aberdeen Series 


The Aberdeen series consists of deep, nearly level, 
moderately well drained and somewhat poorly drained 
claypan soils that formed in moderately fine textured 
glaciofluvial deposits. These soils are in slight depres- 
sions on glacial outwash plains. 

In a representative profile the surface layer is dark- 
gray loam about 7 inches thick. The subsurface layer 
is gray very fine sandy loam about 4 inches thick. The 
subsoil is grayish-brown and is about 14 inches thick. 
It is very firm, heavy clay loam in the upper 5 inches, 
firm heavy clay loam in the next 4 inches, and friable 
clay loam in the lower 5 inches. The substratum is 35 
inches thick. The upper 10 inches is variegated light 
brownish-gray and white clay loam that contains an 
accumulation of lime, the 9 inches below that is mot- 
tled, light brownish-gray very fine sandy loam, the 
next 6 inches is mottled, light yellowish-brown very 
fine sandy loam, and the lower 10 inches is mottled, 
brown very fine sandy loam. 

Permeability is slow, and the available water ca- 
pacity is high. The organic-matter content is high, and 
fertility is medium. The dense subsoil and salts in the 
lower part of the subsoil limit root and water penetra- 
tion, A water table is within 5 feet of the surface most 
of the year and is at or near the surface in spring and 


*TItalic numbers in parentheses refer to Literature Cited, p. 
200 
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TABLE 1.—Approximate acreage and proportionate extent of the soils 


i Benson Eddy Nelson Survey 
Soil County County County Total area 
Acres Acres Acres Acres Percent 

Aberdeen loam __---__~-_--------------------+------------------ 0 255 65 820 0.1 
Aberdeen-Exline loams _----------------------------------------- 0 226 0 226 (?) 

Arveson sandy loam .-------~------------------------------------ 0 860 0 860 2 
Arvilla sandy loam __---~~--------------------------------------- 105 542 268 915 2 
Arvilla sandy loam, gravelly substratum, 0 to 3 percent slopes___---_- 0 1,950 0 1,950 4 
Arvilla sandy loam, gravelly substratum, 3 to 6 percent slopes_-----_- 3 1,760 154 1,917 A 
Arvilla sandy loam, sandy substratum, 0 to 3 percent slopes__-------- 44 4,275 78 4,397 8 
Arvilla sandy loam, sandy substratum, 3 to 6 percent slopes._---.---- 4 1,175 0 1,179 2 
Arvilla-Sioux sandy loams, 6 to 9 percent slopes--------------------- 55 930 185 1,120 2 
Barnes loam, 0 to 8 percent slopes.-_------------------------------ 0 340 0 840 a) 
Barnes loam, 8 to 6 percent slopes_.__-_ 0 830 500 1,330 3 
Barnes loam, 6 to 9 percent slopes__--_.-------- 0 154 147 801 a 
Barnes-Svea loams, 0 to 3 percent slopes____-----------~--- 0 2,050 0 2,050 4 
Barnes-Svea loams, 3 to 6 percent slopes___----------~---~--------- 16 1,830 405 2,251 4 
Barnes-Svea stony loams, 3 to 6 percent slopes---------------------- 0 535 0 535 a 
Barnes-Svea-Buse loams, 6 to 9 percent slopes___---_---------~----- 37 1,475 58 1,570 3 
Barnes-Svea-Buse stony loams, 6 to 9 percent slopes----------------- 0 1,050 0 1,050 2 
Bearden silt loam, saline _----------------~---------~-----+-------- 0 376 425 801 2 
Binford sandy loam_._-------------------------------=----------- 465 0 8,465 8,980 7 
Binford sandy loam, gravelly substratum, 0 to 3 percent slopes_—_---.. 0 301 0 301 aA, 
Binford sandy loam, gravelly substratum, 3 to 6 percent slopes_-----~ 50 1,250 77 1,377 3 
Binford sandy loam, sandy substratum, 0 to 3 percent slopes..__..---_ 0 3,200 0 3,200 6 
Binford sandy loam, sandy substratum, 3 to 6 percent slopes_____-—-- 0 4,775 0 4,775 9 
Binford-Coe sandy loams, 6 to 9 percent slopes---------------------- 0 2,075 60 2,185 A 
Binford-Coe sandy loams, 9 to 12 percent slopes_.------------------- 0 552 0 552 mi 
Borup silt loam__-_---___..---_------ ------------------------- 360 4,980 570 5,910 11 
Borup and Marysland silt loams, very wet---~------------------ 148 4,075 87 4,310 8 
Borup and Vallers loams, 3 to 6 percent slopes__-----—-------------- 0 1,625 0 1,625 3 
Brantford loam, 3 to 6 percent slopes___-_-.-----.------------------- 1,130 0 1,015 2,145 4 
Brantford loam, gravelly substratum, 0 to 3 percent slopes----------- 5,203 1,050 0 6,253 1.2 
Brantford loam, gravelly substratum, 3 to 6 percent slopes----------- 2,155 1,510 0 3,665 7 
Brantford loam, sandy substratum, 0 to 3 percent slopes------------- 16 1,000 0 1,016 2 
Brantford loam, sandy substratum, 3 to 6 percent slopes_----------~- 76 940 0 | 1,016 2 
Brantford-Coe loams, 6 to 9 percent slopes_____--------------------- 2,490 360 340 8,190 6 
Brantford-Kensal loams ~--~----------------~-------------~-~-----+ 7,812 0 7,150 14,962 2.8 
Buse-Barnes loams, 9 to 30 percent slopes_____-----------+---------- 170 700 1,125 1,995 4 
Buse-Edgeley loams, 9 to 30 percent slopes______-._---_------------ 0 0 2,245 2,245 A 
Buse and Kloten loams, 6 to 25 percent slopes____-------------~----- 0 1,010 1,010 2 
Buse, Sioux, and Zell soils, 8 to 80 percent slopes_._----------~----~- 490 760 1,250 2,500 5 
Cathay loam —_-_----------------...-.--------------+------- 0 1,040 0 1,040 2 
Cathay-Heimdal loams, 0 to 3 percent slopes_.-----------~---- 0 1,010 0 | 1,010 2 
Cathay-Heimdal loams, 3 to 6 percent slopes------------------------ 0 824 0 824 Al 
Cathay-Larson loams ~_---------------~----------~----------------- 0 3,100 0 8,100 6 
Cavour-Cresbard loams ~.---~..--------------~-------------------- 0 4 347 851 Al 
Cavour and Vallers stony clay loams__-----------~----------------- 0 414 0 414 A 
Cavour clay loam, shaly variant, 3 to 6 percent slopes____-_---------- 0 176 0 176 (@) 

Claire loamy coarse sand, 0 to 3 percent slopes-_.------------------- 1,220 5,875 127 6,722 1.8 
Claire loamy coarse sand, 8 to 6 percent slopes-__------------------- 0 527 27 554 al 
Claire coarse sandy loam____/-------~----~---------------------- 0 515 0 515 oh 
Claire-Lohnes-Hamar loamy coarse sands_---..-------------------- 370 8,075 235 3,680 7 
Clontarf sandy loam__-------------------------------~----------- 140 1,190 0 1,830 3 
Coe sandy loam, 0 to 6 percent slopes.--------------~--~------------ 20 207 0 207 C) 

Coe sandy loam, 6 to 25 percent slopes 705 2,525 882 4,112 8& 
Colvin silty clay loam__----~.------------- 183 1,520 427 2,080 4, 
Colvin silty clay loam, saline_____-_---_--------------- 64 13 563 640 aL 
Colvin silty clay loam, very wet..---------------------------------- 858 1,250 827 1,985 4 
Cresbard-Cavour loams .----------------------------------------- 158 0 412 570 A 
Divide loam, 0 to 8 percent slopes_____--------------------~------- 257 131 1,412 1,800 3 
Divide loam, 8 to 6 percent slopes__-_-.----_--------~-------------- 0 279 0 279 () 

Divide loam, saline ~-----------------~-----~---------------------- 0 515 0 515 al 
Divide loam, gravelly substratum__..-------------------~----------- 0 8,640 0 8,640 4 
Divide loam, sandy substratum_-----------_----------------------- 177 7,335 110 7,622 1.4 
Divide loam, till substratum --__-------------------------~--------- 0 2,930 0 2,930 6 
Eckman loam, 0 to 3 percent slopes_.____-_------------------------- 0 396 0 396 fe 
Eckman loam, 8 to 8 percent slopes-_____--_-_--~------~----------- 0 150 151 301 al 
Edgeley loam ~_-------------.--------------------~-------------- 0 0 790 790 1 
Edgeley and Cavour loams, 3 to 6 percent slopes_- 0 262 0 262 @) 

Edgeley loam, gravelly variant-_---------------- 0 0 482 482 a; 
Egeland sandy loam, 0 to 3 percent slopes_____------------~ . 0 288 0 288 et 
Egeland sandy loam, 6 to 12 percent slopes_-----~~------~----------- 22 381 0 403 Jl 
Egeland sandy loam, sandy substratum_----------~---------------- 0 268 0 268 ¢) 
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TABLE 1.—Approximate acreage and proportionate extent of the soils—Continued 


Soil 


Egeland fine sandy loam, till substratum, 0 to 8 percent slopes__-__-__ 
Egeland fine sandy loam, till substratum, 8 to 6 percent slopes______-_ 
Egeland-Embden sandy loams, till substratum, 6 to 9 percent slopes___ 
Embden sandy loam, 0 to 8 percent slopes_____-_------_------------ 
Embden-Egeland sandy loams, 3 to 6 percent slopes-____.._-_--------_ 
Embden, Swenoda, and Heimdal fine sandy loams, 0 to 3 percent slopes_ 
Embden, Swenoda, and Heimdal fine sandy loams, 3 to 6 percent slopes_ 
Emrick: sandy loamouno22 soo 
Brmrick loam ees 3 Oe a ee te ee 
Esmond, Coe, and Embden soils, 6 to 25 percent slopes__.._---___....__ 
Mixline, loam, 2.220 te oe ee ee ee ake es 
Fargo and Nutley silty clay loams_--.________________- 
Pordville loan) 4:4... ae Soo oe ee eee 
Fossum sandy loam____-_-_______----.---- eee 
MOSSUM VO aI, cs es ea en 
Fossum and Hamar sandy loams___-___---___------.--__-----.--.- 
Fram loam, 0 to 3 percent slopes.__________..----_--____----- 
Fram loam, 3 to 6 percent slopes__---________---------_----------- 
Fram loam; saline... .-2- 2 a 
Fram and Wyndmere fine sandy loams._______-.--_--_-_---~_------ 
Gardena loam, 0 to 3 percent slopes--_-___-_____-______-------------- 
Gardena loam, 3 to 6 percent slopes__ eae 
Glyndon loam ________-__-__-__.- pt 
Glyndon loam, saline-_-----._-____-----.-_-..-_-- ee 
GTaVel pits soe i ae 
Hamar loamy coarse sand________-.-----_--- ee 
Hamar loamy sand_._.-_--______ 
Hamar coarse sandy loam________----______-------}- ee 
Hamar sandy loam ..is--23.022 tee i ee 
Hamerly loam, 0 to 3 percent slopes__-_.._____-__-----.__--_--- 
Hamerly loam, 3 to 6 percent slopes-____________-________ 
Hamerly loam, saline _--__.______»___»_____e 


LaDelle silty clay loam 


La Prairie-Lamoure complex 
Larson loam 


Benson 
County 


Acres 


~ 
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Eddy Nelson Survey 
County County | Total area 
Acres Acres Acres Percent 

980 0 980 2 
4,150 0! 4,150 8 
1,600 0 1,600 3 
1,430 455 8,710 at 
805 120 1,110 2 
2,400 0 2,400 5 
1,900 0 1,900 A 
600 0 600 l 
5,800 0 5,800 11. 
1,625 0 1,625 3 
379 298 677 wL 

234 0 234 () 
1,050 495 1,635 3 
338 29 430 al 
500 115 945 ae 
265 165 670 al 
22,200 0 22,200 4,2 
940 0 940 2 
640 0 640 sh 
372 0 872 od 
1,150 866 3,060 6 
77 0 341 vl 
2,880 475 5,535 1.0 
225 200 425 rea 
515 82 610 A 
555 0 730 A 
1,115 144 1,545 3 
280 426 706 A 
428 122 550 A 
213 1,120 1,595 3 
585 0 585 al. 
0 403 403 A 
68 607 675 A. 
114 286 400 A 
2,875 375 4,100 8 
494 14 570 pal 
3,550 665 5,915 11 
1,300 46 1,485 3 
3,625 0 3,625 Eis 
788 46 1,065 2 
528 0 528 a 
573 0 589 mal 
1,290 0 1,359 3 
3,200 0 3,200 6 
1,270 0 1,270 2 
5,100 0 5,100 1.0 
17,100 0 17,225 3.3 
2,675 0 2,675 5 
560 0 560 aL 
7,900 0 7,900 1.5 
35,600 0 35,691 6.8 
15,150 0 15,264 2.9 
7,900 0 8,023 1.5 
2,950 0 3,110 6 
11,100 0 11,100 2.1 
760 0 760 ml 
8,500 0 3,500 rh 
0 1,800 1,800 3 
710 0 710 A 
484 0 484 Rab 
1,107 93 1,200 2 
890 885 1,275 i2 
1,120 550 1,670 3 
860 0 860 2 
1,015 955 1,970 A 
1,250 0 1,250 32 
830 0 830 2 
2,425 0 2,425 5 
2,365 95 2,500 5 
1,300 0 1,300 22; 
4,800 185 4,985 1.0 
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TABLE 1.—Approximate acreage and proportionate extent of the svils—Continued 


. Benson Eddy Nelson Survey 
Soil County County County Total area 
Acres Acres Acres Acres Percent 

Lohnes coarse sandy loam_--_-------_------~_.------------------- 0 2,275 45 2,820 A 
Luddén:silty clay a.2620 oe on eo ee ee te ee 0 87 286 873 sl 
Ludden-Lamoure complex _.----..----+.--------.-+-------++----------+ 0 580 0 580 wl 
Maddock loamy sand, 0 to 3 percent slopes___-___~------------------ 95 690 285 1,070 2 
Maddock loamy sand, 3 to 6 percent slopes______-.------------------- 157 1,225 107 1,489 3 
Maddock loamy sand, 6 to 9 percent slopes______-____.--------------- 89 935 26 1,050 2 
Maddock sandy loam, 0 to 8 percent slopes____.__--_----------------- 130 800 370 1,300 2 
Maddock sandy loam, 3 to 6 percent slopes--___-.---------~--------- 59 628 218 900 2 
Maddock sandy loam, 6 to 9 percent slopes__________-_--------------- 0 158 3738 526 “il 
Maddock-Dickey sandy loams, 0 to 6 percent slopes_____-.----------- 0 733 20 760 a 
Maddock-Dickey sandy loams, 6 to 9 percent slopes___.-_-----~------ 0 913 57 970 2 
Maddock-Serden loamy fine sands, 9 to 80 percent slopes______.------ 0 62 863 925 2 
Maddock-Serden-Hecla loamy fine sands, 9 to 25 percent slopes-______ 0 1,485 0 1,485 3 
Made land <..2ccencee eee ene ee eet eee cee 0 146 17 163 C) 
Marsh: 222c2-2 222-5 hae ee eet eee eS 1,600 4,900 860 7,360 1.4 
Marysland: loam: 22-2=--3.5 sn. ncee nape sete ee eee 250 6,800 235 7,285 14 
Marysland and Arveson loams 1,830 2,000 500 3,830 “4 
Minnewaukan loamy fine sand, 6 to 9 percent slopes__.-------_---_-- 285 1,720 5 2,080 A 
Miranda-Cavour clay loams.....-.~-4--=++-+--- ++ ss aanneeceenanes- 0 1,370 510 1,880 A 
Osalkis::sandy: l0aMm=seu. cele eo ee 0 3,275 980 4,255 8 
Osakis sandy loam, gravelly substratum __-------------------------- 0 480 100 580 ed 
Osakis sandy loam, till substratum__------------.------------~-~-- 0 344 0 344 aa 
Overly:silty ¢lay loam. --c2<s-2eesss 0 ooo ese ee 144 0 0 144 () 
Pariell: silty clay loam i2s2-8s22-22--s4seseeee oo eee 0 2,665 28 2,693 5 
Peat levees ee Stet seer ee ee ee 0 144 0 144 () 
Perella silty clay loam__-_-.__...--_----------------------------- 25 380 70 475 at 
Rauville silty clay loam_____.---------- 7 198 610 810 32 
Renshaw loam, 0 to 3 percent slopes 958 15 1,220 2,188 A 
Renshaw loam, 3 to 6 percent slopes 153 750 3877 1,280 2 
Renshaw loam, gravelly substratum 15 3,950 6 3,971 8 
Renshaw loam, sandy substratum___._....-.--_--_-----------_---. 112 2,040 0 2,152 A 
Renshaw loam, till substratum__..__------_-_/__ 0 620 0 620 wl 
Ryan silty clay loam_____________.____------------_--------------- 0 267 AT 314 Al 
Ryan and Lamoure silty clay loams__-.---------------------~------ 0 1,210 275 1,485 3 
Serden-Hamar sands ~--..------_--.-- +» --------------------- 350 2,110 530 2,990 6 
Sioux gravelly loam, 0 to 6 percent slopes__--__------------------+--- 0 376 0 376 ok 
Sioux gravelly loam, 6 to 25 percent slopes___-___---_-------------_ 200 2,570 280 8,050 6 
Spottswood loam. =..-- =) oe ee 0 470 1,025 1,495 3 
Spottswood loam, sandy substratum__----------------------------- 0 569 76 645 <l 
Stirum sandy loam___---____.-------- ee 440 2,010 250 2,700 5 
Svea loam ~______-.---- 449 211 5,425 6,085 1.1 
Svea loam, cobbly variant 5 39 1,805 1,849 3 
Svea-Barnes loams, 0 to 3 percent slopes 207 390 2,150 2,747 5 
Svea-Barnes loams, 3 to 6 percent slopes 440 940 4,575 5,955 1.1 
Svea-Buse-Barnes loams, 6 to 9 percent slopes___.___---------------- 451 197 2,875 3,023 6 
Svea-Cresbard loams ~-.------------_-_-_» 5 eee 30 279 2.450 2,759 5 
Swenoda-Embden fine sandy loams____------------_-------- ate 0 640 0 640 A 
Tifrany satid y 10am 222 as ea 69 401 125 595 al 
Tiffany fine sandy loam, till substratum_-------------__-_---------- 0 527 0 527 2. 
TO OA fe ate Peterlee ah Eton ae eee 2 1,512 0 1,514 3 
Monka Silt lOamy 220022 oC soko ake a ee oe 66 2,530 350 2,946 6 
Totten. sandy loam. 222332 e ee ee 0 4,350 0 4,350 8 
Totten. loam: 23 2:esee ae ee es ee ee ee 0 5,800 0 5,800 11 
Totten loam, very wet_.______--_ i 0 920 0 920 4 
Totten loam, till substratum______-.-----_- of 0 1,375 0 1,875 3 
Towner fine sandy loam, 0 to 3 percent slopes____________ = 95 1,640 2,100 8,835 at 
Towner fine sandy loam, 8 to 6 percent slopes___-_-_-__-__------------_ 0 525 300 825 2 
Towner-Dickey fine sandy loams_----_---------------------~--+------ 0 1,200 0 1,200 2 
Vallers loam 222-22. -- 2 ede een eee en ee ees 15 7,700 10 7,725 1.5 
PyVaEs yo eagle 3111» amie ae ese ae aed a ee oe iG Deane nce nL ele tne cs 475 107 208 790 2 
Venlo-sandy: loatty 22 oo ee te 5 310 24 8389 a 
Wahpeton silty clay ---------_----_---------------------.-------- 0 92 292 384 a 
Walsh loam, 3 to 6 percent slopes______--__--/--/-_----------------- 0 710 93 803 2 
Walsh loam, 6 to 9 percent slopes__________-___-.------------------ 0 473 0 473 A 
Walsh clay loam, 0 to 3 percent slopes______________-__-___-_-_--__ 0 124 530 654 pal 
Walsh clay loam, 3 to 6 percent slopes____________________________- 0 0 280 280 A 
Walsh clay loam, 6 to 9 percent slopes_____-____-__---_----_.-.-.---- 0 0 399 399 A 
Walunt sandy loam 22-2. et ee 0 6,300 40 6,340 1.2 
Walum sandy loam, gravelly substratum 0 542 0 542 BE 
Warsing loam... 0 17600 123 1,723 3 
Warsing loam, sandy substratum____..-._____--..------------------ 0 912 0 912 2 
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TABLE 1.—Approximate acreage and proportionate extent of the soils—Continued 


P Benson Eddy Nelson Survey 
Soil County County County Total area 

Acres Acres Acres Acres Percent 
Warsing loam, till substratum___________------_.--.- ee 0 1,800 0 1,800 3 
Wyard loam _~--_--__-_- 580 0 530 A 
Wyndmere sandy loam 520 2,309 471 3,300 6 
Wyndmere sandy loam, till substratum __.._--____--- 0 1,210 0 1,210 ne 
Wyrene sandy loam ~____--_____--_ 99 5,900 0 5,999 11 
Wyrene sandy loam, till substratum_-_--________-__--_--__ 4 860 0 864 2 
Wyrene-Totten sandy loams —_.---__------ 5 eee 0 1,200 0 1,200 2 
Walenta 1,180 8,882 238 5,300 1.0 
Wotali gonceee oho te oe i 45,636 406,400 73,114 525,150 100.0 


‘ Less than 0.05 percent. 


early in summer. A perched water table forms above 
the dense subsoil in periods of heavy rainfall. Tillage is 
often delayed in the spring because of wetness. 

These soils are suited to grain crops and grasses, but 
they are poorly suited to legumes. 

Representative profile of Aberdeen loam in a culti- 
vated field, 500 feet north and 800 feet west of the 
southeast corner of sec. 1, T. 149 N., R. 59 W., Nelson 
County: 


Ap—0 to 7 inches, dark-gray (10YR 4/1) loam, black 
(10YR 2/1) moist; weak, fine, subangular blocky 
structure parting to moderate, medium and fine, 
granular; slightly hard, friable, slightly sticky 
and slightly plastic; many roots; slightly acid; 
abrupt, smooth boundary. 

A2—7 to 11 inches, gray (10YR 6/1) very fine sandy loam, 
very dark gray (10YR 3/1) moist; moderate, me- 
dium, prismatic structure parting to moderate, 
medium, platy; soft, very friable, slightly sticky 
and slightly plastic; common roots; mildly alka- 
line; clear, smooth boundary. 

B21t—11 to 16 inches, grayish-brown (2.5Y 5/2) heavy 
clay loam, very dark grayish brown (2.5Y 3/2) 
moist; strong, medium and fine, prismatic strue- 
ture parting to strong, fine, angular blocky; hard, 
very firm, sticky and very plastic; few roots; dis- 
tinct continuous very dark gray (10YR 3/1), 
black (10OYR 2/1) moist clay films on faces of 
peds; moderately alkaline; gradual, wavy bound- 


ary. 

B22t—16 to 20 inches, grayish-brown (2.5Y 5/2) heavy 
clay loam, very dark grayish brown (2.5Y 3/2) 
moist; strong, fine, prismatic structure parting to 
strong, medium and fine, angular blocky; hard, 
firm, sticky and plastic; few roots; distinct con- 
tinuous clay films on faces of peds; few nests of 
gypsum crystals; strongly alkaline; clear, wavy 
boundary. 

B8ca—20 to 25 inches, grayish-brown (2.5Y 5/2) heavy 
clay loam, very dark grayish brown (2.5Y 3/2) 
moist; weak, coarse, prismatic structure parting 
to moderate, medium, angular blocky; slightly 
hard, friable, sticky and plastic; few roots; dis- 
tinct discontinuous clay films and strongly effer- 
vescent coatings of disseminated lime on faces of 
peds; slightly effervescent; strongly alkaline; 
clear, smooth boundary. 

Clea—25 to 35 inches, variegated light brownish-gray 
(2.5Y 6/2) and white (25Y 8/2) clay loam, 
grayish brown (2.5Y 5/2) and light gray (2.5Y 
7/2) moist; weak, very coarse, prismatic struc- 
ture parting to moderate, medium, angular blocky; 
hard, friable, sticky and plastic: distinct, discon- 
tinuous, violently effervescent coatings of dissemi- 


nated lime on faces of peds; strongly effervescent; 
strongly alkaline; clear, smooth boundary. 

C2—85 to 44 inches, light brownish-gray (2.5Y 6/2) very 
fine sandy loam, grayish brown (2.5Y 5/2) 
moist, few, fine, distinct, dark yellowish-brown 
(10YR 4/4, moist) mottles; weak, coarse angular 
blocky structure; slightly hard, very friable, 
slightly sticky and slightly plastic; strongly effer- 
vescent; strongly alkaline; clear, smooth bound- 


ary. 

C3—44 to 50 inches, light yellowish-brown (10YR 6/4) 
very fine sandy loam, dark yellowish brown (10YR 
4/4) moist; common, fine, prominent, strong- 
brown (7.5YR 5/6, moist) mottles; massive; 
slightly hard, very friable, slightly sticky and 
slightly plastic; strongly effervescent; moderately 
alkaline; clear, smooth boundary. 

C4—50 to 60 inches, brown (10YR 5/3) very fine sandy 
loam, dark brown (10¥YR 4/8) moist; common, 
medium, distinct, light-gray (5Y 6/1) mottles; 
massive; slightly hard, very friable, slightly sticky 
and slightly plastic; strongly effervescent; mildly 
alkaline. 


The Ap or Al horizon ranges from 6 to 10 inches in 
thickness. It is dark-gray or very dark gray loam or silt 
loam. In some places, where deep tillage has mixed part of 
the B2 horizon with the Al and A2 horizons, the Ap horizon 
is clay loam, The A2 horizon is very fine sandy loam or 
loam 2 to 6 inches thick. The moderate prismatic structure 
parts to moderate platy where this horizon is thick and to 
moderate or weak platy where the horizon is thin. 

The B2 horizon contains more sand than is within the de- 
fined range for the series, but this higher content of sand 
does not change the usefulness or behavior of these soils, 
The B2 horizon is grayish-brown or dark-gray heavy clay 
loam or silty clay loam 8 to 16 inches thick. It has strong or 
moderate prismatic structure that parts to strong or mod- 
erate angular blocky structure in the upper part, and it has 
moderate or weak prismatic structure that parts to moder- 
ate angular blocky structure in the lower part. In some 
places the upper 2 to 4 inches of the B2 horizon has 
secondary moderate platy structure. The typical profile has 
a B38ca horizon, but not all profiles have this horizon. 

The C horizon is typically clay loam to a depth of about 
35 inches and is very fine sandy loam below this depth, but 
in some profiles it is silty clay loam to a depth of about 40 
inches and is stratified sand below that depth. In the 
typical profile, gypsum and other segregations of salt have 
accumulated in the B2 horizon, but in some places they are 
in the B8 horizon or in the upper part of the C horizon. 

Aberdeen soils are adjacent to Exline, Colvin, and Gar- 
dena soils in many aveas. They have a profile similar to 
that of Exline soils. They have a claypan B2t horizon, 
which Colvin and Gardena soils do not have, and they have 
a combined Al and A2 horizon that is thicker than that of 
Exline soils. 
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Aberdeen Ioam (Ab).—This soil is nearly level and 
is in slight depressions on outwash plains. It has the 
profile described as representative of the series. 

Included with this soil in mapping are small areas of 
Colvin and Exline soils in slightly lower positions and 
Gardena soils in slightly higher positions. Also in- 
cluded is a 50-acre area in sections 1 and 12, T. 149 N., 
R. 59 W. consisting of a complex of about 70 percent 
Gardena loam and 30 percent Aberdeen loam. The sur- 
face layer in this area is clay loam. It is hard and 
cloddy when dry and sticky when wet in those culti- 
vated areas where the subsoil has been mixed with the 
surface and subsurface layers. 

Surface runoff is slow. The hazard of soil blowing is 
slight. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grains 
and grasses, but it is poorly suited to legumes. Growth 
of most crops is reduced because root growth is limited 
by the dense subsoil and salts that have accumulated 
in the root zone. Controlling wetness and maintaining 
good tilth in cultivated areas are the main concerns of 
management. Capability unit IIIs-6P; windbreak 
suitability group 4. 

Aberdeen-Exline loams (Ae).—-Soils of this mapping 
unit are nearly level and in depressions on outwash 
plains. Aberdeen loam makes up about 50 to 60 percent 
of the complex, and Exline loam, in slightly lower posi- 
tions, makes up about 30 to 40 percent. 

Included with these soils in mapping are small areas 
of Colvin soils in depressions and areas of Gardena 
soils in slightly higher positions. Also included are a 
few acres where the surface layer is silty clay loam 
because tillage has mixed the subsoil into the plow 
layer. The surface layer in these areas is hard and 
cloddy when dry and sticky when wet. 

Surface runoff is slow. The hazard of soil blowing 
is slight. 

Most areas of this mapping unit are used for pas- 
ture and hay, but small areas are cultivated along with 
the adjoining soils. Soils of this complex are suited to 
salt-tolerant grains and grasses, but are poorly suited 
to legumes. The dense subsoil and salts that have ac- 
cumulated in the root zone restrict the growth of most 
crops. Controlling wetness and maintaining good tilth 
in cultivated areas are the main concerns of manage- 
ment. Capability unit IVs-6P; Aberdeen soil is in 
windbreak suitability group 4, Exline soil is in wind- 
break suitability group 9. 


Arveson Series 


The Arveson series consists of deep, nearly level, 
poorly drained caleareous soils that formed in mod- 
erately coarse textured and coarse textured glacio- 
fluvial deposits. These soils are in depressions on glacial 
outwash plains. 

In a representative profile the surface layer is sandy 
loam about 12 inches thick. It is dark gray in the up- 
per 6 inches; in the lower 6 inches it is gray and con- 
tains an accumulation of lime. The substratum is 50 
inches thick. The upper 9 inches is variegated light- 
gray and white friable sandy loam that contains an 
accumulation of lime. The next 11 inches is mot- 
tled, light-gray sand. The 8 inches below that is 


mottled, light-gray sanay loam, The next 8 inches is 
mottled, light olive-gray sand. The lower 14 inches 
is gray stratified sandy loam and sand. 

Permeability is moderately rapid, and the available 
water capacity is low. The organic-matter content is 
high, and fertility is medium. The water table is within 
3 feet of the surface most of the year and at or near 
the surface in spring and early in summer. Drains are 
difficult to install because outlets are not generally 
available. 

These soils are suited to grasses, grain crops, and 
legumes, but tillage is often delayed or difficult because 
of wetness. 

Representative profile of Arveson sandy loam in a 
pasture, 175 feet south and 1,400 feet east of the north- 
west corner of sec. 14, T. 148 N., R. 64 W., Eddy 
County: 


A1—0O to 6 inches, dark-gray (10YR 4/1) sandy loam, very 
dark gray (10YR 8/1) moist; moderate, coarse 
and medium, granular structure; slightly hard, 
friable, slightly sticky and slightly plastic; many 
roots; strongly effervescent; moderately alkaline; 
clear, smooth boundary. 

Al2ca—6 to 12 inches, gray (10YR 5/1) sandy loam, very 
dark gray (LOYR 3/1) moist; weak, medium, pris- 
matic structure parting to moderate, medium, sub- 
angular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; many roots; violently 
effervescent; mildly alkaline; clear, wavy bound- 


ary. 

Cleag—12 to 21 inches, variegated light-gray (5Y 7/2) 
and white (N 8/0) sandy loam, light olive gray 
(5Y 6/2) and white (N 8/0) moist; weak, me- 
dium, prismatic structure parting to moderate, 
medium and fine, subangular blocky; slightly hard, 
friable, slightly sticky and slightly plastic; com- 
mon roots; violently effervescent; mildly alkaline; 
gradual, irregular boundary. 

IIC2g—21 to 32 inches, light-gray (5Y 7/2) sand, olive 
(5Y 5/3) moist; common, medium, distinct, 
yellowish-brown (10YR 5/6, moist) and few, fine, 
prominent, black (10YR 2/1, moist) mottles; sin- 
gle grained; loose, nonsticky and nonplastic; few 
roots; slightly effervescent; mildly alkaline; clear, 
wavy boundary. 

IIC3g—32 to 40 inches, light-gray (5Y 7/2) sandy loam, 
olive gray (5Y 5/2) moist; common, medium, dis- 
tinct, dark yellowish-brown (10YR 4/4, moist) 
and many, medium, prominent, black (10YR 2/1, 
moist) mottles; massive; slightly hard, very fria- 
ble, slightly sticky and slightly plastic; few roots; 
very slightly effervescent; mildly alkaline; grad- 
ual, wavy boundary. 

JI1C4g—40 to 48 inches, light olive-gray (5Y 6/2) sand, 
olive gray (5Y 5/2) moist; common, medium, dis- 
tinct, dark yellowish-brown (10YR 4/4, moist) 
mottles; single grained; loose, nonsticky and non- 
plastic; very slightly effervescent; mildly alkaline; 
clear, wavy boundary. 

WC5g—48 to 62 inches, gray (N 6/0) stratified sandy 
loam and sand, dark greenish gray (5BG 4/1) 
moist; massive; slightly hard, very friable, slightly 
sticky and slightly plastic; slightly effervescent; 
mildly alkaline. 


The A horizon ranges from 6 to 14 inches in thickness. 
It is very dark gray, dark-gray, or gray sandy loam or 
light loam. Typically it is caleareous and has an accumula- 
tion of lime in the lower part, but it is nonealcareous in 
places. The Ceca horizon is light-gray, light olive-gray, or 
white sandy loam or light loam 6 to 16 inches thick and is 
mottled in places. It has weak prismatic structure that 
parts to moderate or weak subangular blocky structure. 
The IIC horizon is mottled light gray, gray, or light olive 
gray. In places it is sand, but typically it is stratified sandy 
loam or loamy sand and sand. 

Arveson soils are in landscape positions similar to those 
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of Fossum, Hamar, and Wyndmere soils and are often 
adjacent to them. They have a profile similar to that of 
Wyndmere soils. Arveson soils contain more segregated 
lime closer to the surface than Fossum and Hamar soils. 
They are not so well drained as Wyndmere soils. 

Arveson sandy loam {Ar}—This soil is nearly level 
and is in depressions on sandy outwash plains. It has 
the profile described as representative of the series. 

Included with this soil in mapping are small areas 
of Fossum soils in positions similar to those of Arveson 
soils. Also included are areas of Hecla and Wyndmere 
soils on slightly higher, better drained positions. 

Surface runoff is very slow. The hazard of soil blow- 
ing is very severe. 

Most areas of this soil are used for pasture and hay, 
but some are cultivated along with the adjoining soils. 
This soil is suited to grasses, grain crops, and legumes. 
Wetness, soil blowing, and droughtiness because of the 
low available water capacity are the main concerns 
of management. Capability unit IIIw-3; windbreak 
suitability group 2. 


Arvilla Series 


The Arvilla series consists of shallow, nearly level 
to rolling, somewhat excessively drained soils that 
formed in moderately coarse textured glaciofluvial de- 
posits overlying coarse textured glaciofluvial deposits. 
These soils are on outwash plains, on terraces along 
rivers and drainageways, and in areas of glacial till. 

In a representative profile the surface layer is dark- 
gray sandy loam about 5 inches thick. The subsoil is 
very friable sandy loam about 138 inches thick; it is 
dark gray in the upper 7 inches and grayish brown in 
the lower 6 inches. The substratum is 42 inches thick. 
The upper 4 inches is grayish-brown loamy coarse sand. 
The next 20 inches is mottled, yellowish-brown sand 
and gravel. Below that is brown sand and gravel, and 
the lower 8 inches is gray sand. 

Permeability is moderately rapid in the surface 
layer and subsoil and very rapid in the substratum. 
The available water capacity is low. The organic- 
matter content is moderate, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes, The more sloping areas are better suited to 
grasses than to most other uses. 

Representative profile of Arvilla sandy loam in a 
cultivated field, 180 feet south and 125 feet west of the 
northeast corner of the SE1, sec. 5, T. 150 N., R. 60 W., 
Eddy County: 

Ap—0 to 5 inches, dark-gray (10YR 4/1) sandy loam, 
black (10YR 2/1) moist; weak, fine and medium, 
subangular blocky structure parting to moderate, 
fine, crumb structure; slightly hard, very friable, 
slightly sticky and slightly plastic; many roots; 
neutral; abrupt, smooth boundary. 

Bi—5 to 12 inches, dark-gray (10YR 4/1) sandy loam, 
very dark gray (10YR 3/1) moist; moderate, 
coarse, prismatic structure parting to moderate 
and weak, medium and fine, subangular blocky; 
slightly hard, very friable, slightly sticky and 
slightly plastic; many roots; neutral; clear, wavy 
boundary. 
to 18 inches, grayish-brown (2.5Y 5/2) sandy 
loam, very dark grayish brown (2.5Y 8/2) moist; 
moderate, coarse, prismatic structure parting to 
moderate, medium and fine, subangular blocky; 
slightly hard, very friable, slightly sticky and 
slightly plastic; common roots; discontinuous dark- 


B2—12 


gray (10YR 4/1) organic coatings on faces of 
prisms; few granitic pebbles as large as 10 milli- 
meters; neutral; clear, wavy boundary. 

JIC1—18 to 22 inches, grayish-brown (2.5Y 5/2) loamy 
coarse sand (mainly shale), dark grayish brown 
(2.5Y 4/2) moist; weak, medium, subangular 
blocky structure; soft, very friable, slightly sticky 
and nonplastic; few roots; few fragments of shale 
as large as 10 millimeters; neutral; clear, wavy 
boundary. 

IIC2—22 to 42 inches, yellowish-brown (10YR 5/4) sand 
and gravel, dark yellowish brown (10YR 4/4) 
moist; common, medium, distinct, reddish-yellow 
(7.5YR 6/6) mottles; single grained; loose, non- 
sticky and nonplastic; few fragments of shale as 
large as 20 millimeters; underside of some pebbles 
coated with lime; very slightly effervescent; mildly 
alkaline; clear, smooth boundary. 

IIC3—42 to 52 inches, brown (10YR 5/3) sand and gravel, 
dark brown (10YR 4/3) moist; single grained; 
loose, nonsticky and nonplastic; common fragments 
of shale as large as 10 millimeters; few fragments 
of shale as large as 20 millimeters in size; under- 
side of some pebbles coated with lime; very amen 
effervescent; mildly alkaline; clear, smooth bound- 


ary. 

IIC4—52 to 60 inches, light brownish-gray (10YR 6/2) 
sand, dark grayish brown (10YR 4/2) moist; 
common, medium, distinct, brownish-yellow (10YR 
6/6) mottles; single grained; loose, nonsticky and 
nonplastic; few granitic pebbles as large as 5 
millimeters; very slightly effervescent; mildly al- 
kaline. 


Depth to sand and gravel ranges from 14 to 26 inches, but 
the typical range is 15 to 20 inches. The A horizon ranges 
from 5 to 12 inches in thickness. It is dark gray or very 
dark gray. The B horizon ranges from 5 to 14 inches in 
thickness. It is dark gray, grayish brown, dark grayish 
brown, or brown, The B2 horizon typically has moderate 
prismatic structure that parts to moderate subangular 
blocky structure, but in some places the structure is weak. 
Organic coatings are on the faces of prisms in most profiles 
but are lacking in some. Lime coatings are on the underside 
of pebbles in one or more of the TIC horizons of the typical 
profile; but in some places they are present as soft segre- 
gated masses in the upper part of the IIC horizon. The 
content of gravel in the IIC horizon ranges from 10 percent 
to more than 40 percent by volume. The gravel is domi- 
nantly granitic, but some profiles contain one or more thin 
layers of shaly sand or gravel. 

Arvilla soils are adjacent to Claire, Lohnes, Osakis, and 
Sioux soils in many areas. They formed in parent material 
similar to that of Osakis and Sioux soils. They have a 
profile similar to that of Osakis soils. Arvilla soils have less 
medium and coarse sand in the solum and more gravel in 
the substratum than Claire and Lohnes soils, They are more 
excessively drained than Osakis soils and are deeper to the 
IIC horizon than Sioux soils. 


Arvilla sandy loam (As)—This soil is nearly level and 
is on outwash plains and terraces along drainageways 
and rivers. It has the profile described as representa- 
tive of the series. The content of gravel in the sub- 
stratum ranges from 10 percent to more than 40 percent 
by volume. 

Included with this soil in mapping are small areas of 
Claire and Osakis soils that are in positions similar 
to those of Arvilla soils. 

Surface runoff is slow. The hazard of soil blowing 
is very severe, 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing and droughti- 
ness caused by the low available water capacity are 
the main concerns of management. Capability unit 
Hiles—3; windbreak suitability group 6. 

Arvilla sandy loam, gravelly substratum, 0 to 3 per- 
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cent slopes (AtA).—This soil is on outwash plains and 
terraces along drainageways and rivers. It has a profile 
similar to the one described as representative of the 
series, but the substratum contains more than 40 per- 
cent gravel by volume. 

Included with this soil in mapping are small areas 
of Osakis soils in positions similar to those of Arvilla 
soils, Also included are areas of Arvilla soils that have 
a substratum that contains less than 40 percent gravel 
by volume. 

Surface runoff is slow. The hazard of soil blowing 
is very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes, Soil blowing and drought- 
iness caused by the low available water capacity are 
the main concerns of management. Capability unit 
[lJes—8; windbreak suitability group 6. 

Arvilla sandy loam, gravelly substratum, 3 to 6 per- 
cent slopes (AtB)—This soil is on outwash plains, on 
terraces along drainageways and rivers, and in areas 
of glacial till. It has a profile similar to the one de- 
scribed as representative of the series, but the sub- 
stratum contains more than 40 percent gravel by 
volume. 

Included with this soil in mapping are small areas 
of Sioux soils on the summits and shoulder slopes, areas 
of Spottswood sandy loam on foot slopes and toe slopes, 
and areas of Arvilla soils that have a substratum con- 
taining less than 40 percent gravel by volume. Also 
included are cultivated areas that have a lighter 
colored surface layer on the summits and shoulder 
slopes. 

Surface runoff is medium. The hazard of soil blow- 
ing is very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Surface runoff, soil blow- 
ing, and droughtiness caused by the low available wa- 
ter capacity are the main concerns of management. 
Capability unit IIles—3 ; windbreak suitability group 6. 

Arvilla sandy loam, sandy substratum, 0 to 3 per- 
cent slopes (AvA)—This soil is on outwash plains, on 
terraces along drainageways and rivers, and in areas 
of glacial till. It has a profile similar to the one de- 
scribed as representative of the series, but the sub- 
stratum typically contains less than 20 percent gravel 
by volume, 

Included with this soil in mapping are small areas 
of Claire soils and Osakis soils in positions similar to 
those of Arvilla soils. Also included are areas of Ar- 
villa soils that have a substratum that contains more 
than 40 percent gravel by volume. 

Surface runoff is slow. The hazard of soil blowing 
is very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. The soil is suited to grain 
crops, grasses, and legumes. Soil blowing and drought- 
iness caused by the low available water capacity are 
the main concerns of management. Capability unit 
Tes-3; windbreak suitability group 6. 

Arvilla sandy loam, sandy substratum, 3 to 6 per- 
cent slopes (Av8]—This soil is on outwash plains, on 
terraces along drainageways and rivers, and in areas 
of glacial till. It has a profile similar to the one de- 


scribed as representative of the series, but the sub- 
stratum typically contains less than 20 percent gravel 
by volume. 

Included with this soil in mapping are small areas 
of Claire soils and Sioux soils on summits and shoulder 
slopes, areas of Spottswood sandy loam and Lohnes 
soils on toe slopes, and areas of Arvilla soils that have 
a substratum containing more than 40 percent gravel 
by volume. Also included, in cultivated areas on sum- 
mits and shoulder slopes, are areas of a soil that has 
a lighter colored surface layer. 

Surface runoff is medium. The hazard of soil blow- 
ing is very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Surface runoff, soil blow- 
ing, and droughtiness caused by the low available wa- 
ter capacity are the main concerns of management. 
Capability unit [[Tes—3; windbreak suitability group 6. 

Arvilla-Sioux sandy loams, 6 to 9 percent slopes (AxC). 
—Soils of this mapping unit are on outwash plains, on 
terraces along drainageways and rivers, and in areas 
of glacial till, The Sioux soils in this mapping unit 
have a profile similar to the one described as repre- 
sentative of the Sioux series, but they have a sandy 
loam surface layer. The substratum of these soils 
ranges from 10 percent to more than 40 percent gravel 
by volume, The Arvilla soils, on the back slopes, make 
up about 60 percent of the mapping unit, and the 
Sioux soils, on the summits and shoulder slopes, make 
up about 25 percent. 

Included with these soils in mapping are small areas 
of Claire soils on the shoulder slopes and areas of 
Spottswood and Lohnes soils on the foot slopes and toe 
slopes. Also included, and making up about 15 percent 
of this mapping unit, are areas of strongly sloping 
Renshaw loam. Soils on the summits and shoulder 
slopes have a lighter colored surface layer in cultivated 
areas. 

Surface runoff is rapid. The hazard of soil blowing 
is very severe. 

Most areas of this mapping unit are in pasture, but 
some are cultivated along with the adjoining soils. Soils 
of the mapping unit are well suited to grasses, and 
they are suited to close-growing grain crops and le- 
gumes if protective measures are used. Surface runoff, 
soil blowing, and droughtiness caused by the low 
available water capacity are the main concerns of 
management. Capability unit [Ves—3; Arvilla soils in 
windbreak suitability group 6, Sioux soils in windbreak 
suitability group 10. 


Barnes Series 


The Barnes series consists of deep, nearly level to 
gently rolling, well-drained soils that formed in me- 
dium textured and moderately fine textured glacial 
till. These soils are on glacial till plains (fig. 6). 

In a representative profile the surface layer is dark- 
gray loam about 6 inches thick. The subsoil is brown 
firm clay loam about 10 inches thick. The substratum, 
in the upper 7 inches, is light-gray clay loam that has 
an accumulation of lime. It is mottled, light brownish 
gray in the lower 37 inches. 

Permeability is moderate in the surface layers and 
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Figure 6.—Profile of Barnes loam, a deep, well-drained soil that 
formed in medium textured and moderately fine textured glacial 
till. 


subsoil and moderately slow in the substratum. The 
available water capacity is high. The organic-matter 
content is high, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes except on steep slopes and where stones limit 
the use of machinery. On steep slopes and stony areas 
these soils are better suited to grass than to most other 
uses. 

Representative profile of Barnes loam, in an area of 
Barnes-Svea loams, 0 to 3 percent slopes, in a cultivated 
field, 150 feet north and 150 feet west of the southeast 
corner of the NE1,, sec. 26, T. 149 N., R. 62 W., Eddy 
County: 


Ap—0 to 6 inches, dark-gray (10YR 4/1) loam, black 
(10YR 2/1) moist; weak, medium, crumb struc- 
ture; slightly hard, friable, slightly sticky and 
slightly plastic; many roots; slightly acid; abrupt, 
smooth boundary. 

B2—6 to 16 inches, brown (1LOYR 5/3) clay loam, dark 
brown (10YR 4/3) moist; moderate, coarse, pris- 
matic structure parting to moderate, medium and 
fine, subangular blocky; hard, firm, very sticky 
and plastic; common roots; clay films on faces of 
peds; tongues of Al horizon extend to a depth of 
12 inches; neutral; gradual, wavy boundary. 

Cica—16 to 28 inches, light-gray (L0YR 7/2) clay loam, 
brown (LOYR 5/8) moist; moderate, coarse, pris- 
matic structure; slightly hard, friable, very sticky 
and very plastic; few roots; many pebbles and 
stones; violently effervescent; mildly alkaline; 
gradual, wavy boundary. 

C2—23 to 60 inches, Nght brownish-gray (2.5Y 6/2) clay 
loam, light olive brown (2.5Y 5/4) moist; massive; 
few, fine, faint, yellowish-brown (10YR 5/6, 
moist) mottles; hard, firm, very sticky and plastic; 


strongly effervescent with 
moderately alkaline. 


The A horizon ranges from 4 to 9 inches in thickness. It is 
dark-gray or very dark gray loam or silt loam. The B 
horizon ranges from 4 to 20 inches in thickness. It is brown, 
dark grayish-brown, or light brownish-gray loam or clay 
loam. Typically the B horizon has clay films or organic 
stains on ped faces, but some profiles do not have them. In 
most places the B horizon is free of lime, but in some places 
it has an accumulation of lime in the lower part. The Cea 
horizon is loam or clay loam; some profiles lack this 
horizon. The C2 horizon is mottled, light brownish-gray or 
pale-yellow loam or clay loam. 

The Barnes soils are adjacent to the Buse and Svea 
soils in many areas. They have a B2 horizon, which the 
Buse soils do not have, and a thinner A horizon than Svea 
soils. They have a profile similar to that of Barnes and 
Heimdal soils, but they are more clayey. 

Barnes loam, 0 to 3 percent slopes (BaA)—This soil 
is on glacial till plains. It has a profile similar to the 
one described as representative of the series, but the 
surface layer is slightly thicker in most places. 

Included with this soil in mapping are small areas 
of Heimdal soils in positions similar to those of Barnes 
soils. Also included are small areas of Svea soils in 
concave positions, areas of Wyard soils in shallow 
swales and depressions, areas of Tonka soils in deep 
depressions that are identified on the soil map by dia- 
mond symbols, and areas of Hamerly soils around the 
edges of some depressions. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is slight. 

Nearly all areas of this soil are cultivated. This soil 
is suited to grain crops, grasses, and legumes. Wetness 
in depressions is the main concern of management. 
Capability unit IIc-6; windbreak suitability group 3. 

Barnes loam, 3 to 6 percent slopes (BaB)—This soil 
is on glacial till plains. 

Ineluded with this soil in mapping are small areas 
of Heimdal soils in positions similar to those of Barnes 
soils, areas of Buse soils on the summits and shoulder 
slopes, and areas of Svea soils on toe slopes. 

Surface runoff is medium. The hazard of soil blow- 
ing is slight. 

Nearly all areas are cultivated. This soil is suited to 
grain crops, grasses, and legumes. Surface runoff is 
the main concern of management, Capability unit [Te— 
6; windbreak suitability group 8. 

Barnes loam, 6 to 9 percent slopes (BaC)—This soil 
is on glacial till plains. 

Included with this soil in mapping are small areas of 
Heimdal soils in positions similar to those of Barnes 
soils. Also included are small areas of Buse soils on 
the summits and shoulder slopes, areas of Emrick and 
Svea soils on foot slopes and toe slopes, areas of Wyard 
soils in shallow swales and depressions, areas of Tonka 
and Parnell soils in deep depressions that are identified 
on the soil map by a diamond symbol, and areas of 
Hamerly soils around the edges of some depressions. 
Soils on the summits and shoulder slopes in cultivated 
areas have a lighter colored: surface layer in many 
places. 

Surface runoff is rapid, and water ponds in depres- 
sions. The hazard of soil blowing is slight. 

Most areas of this soil are cultivated, but some are 
used for pasture. This soil is suited to grasses, close- 
growing grain crops, and legumes. Surface runoff and 
wetness in depressions are the main concerns of man- 


large lime nodules; 
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agement. Capability unit IITe-6; windbreak suitabil- 
ity group 3. 

Barnes-Svea loams, 0 to 3 percent slopes (BbA}.— 
Soils of this mapping unit are on elacial till plains. 
The Barnes soils have the profile described as represent- 
ative of the Barnes series. The Barnes soils, on convex 
slopes, make up about 50 to 60 percent of the mapping 
unit, and Svea soils, on concave slopes, make up about 
25 to 385 percent. 

Included with these soils in mapping are small areas 
of Heimdal soils on convex slopes, areas of Emrick 
soils on concave slopes, areas of Wyard soils in shal- 
low swales and depressions, and areas of Tonka soils 
in deep depressions that are identified on the soil map 
by a diamond symbol. Also included are areas of 
Hamerly soils around the edges of some depressions. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is slight. 

Nearly all areas of this mapping unit are cultivated. 
The soils are suited to grain crops, grasses, and le- 
gumes. Wetness in depressions is the main concern of 
management. Capability Unit IIce-6; Barnes soil is 
in windbreak suitability group 3, Svea soil in wind- 
break suitability group 1. 

Barnes-Svea loams, 3 to 6 percent slopes (BbB)— 
Soils of this mapping unit are on glacial till plains. 
The Barnes soils, on shoulder slopes and back slopes, 
make up about 50 to 60 percent of this mapping unit, 
and the Svea soils, on foot slopes and toe slopes, make 
up about 20 to 30 percent. 

Included with these soils in mapping are small areas 
of Heimdal soils on shoulder slopes and back slopes, 
Emrick soils on foot slopes and toe slopes, Buse soils on 
the summits and shoulder slopes, Wyard soils in shal- 
low swales and depressions, and Tonka and Parnell 
soils in deep depressions that are identified on the soil 
map by a diamond symbol. Also included are Hamerly 
and Vallers soils around the edges of some of the de- 
pressions. Soils on the crests of knolls in cultivated 
areas have a lighter colored surface layer. 

Surface runoff is medium, and water ponds in de- 
pressions. The hazard of soil blowing is slight. 

Nearly all areas of this mapping unit are cultivated. 
The soils are suited to grain crops, grasses, and le- 
gumes. Surface runoff and wetness in depressions are 
the main concerns of management. Capability unit 
Tle-6; Barnes soil in windbreak suitability group 3, 
Svea soil in windbreak suitability group 1. 

Barnes-Svea stony loams, 3 to 6 percent slopes (BcB). 
—Soils of this mapping unit are on glacial till plains. 
About 15 percent of the unit is on a nearly level pitted 
plain. The Barnes and Svea soils have a profile similar 
to the one described as representative of their series, 
but they have a large number of stones on or near the 
surface. The Barnes soils, on summits, shoulder slopes, 
and back slopes, make up about 50 to 60 percent of the 
mapping unit, and the Svea soils, on foot slopes and 
toe slopes, make up about 20 to 30 percent. 

Included with these soils in mapping are small areas 
of Heimdal soils on summits, shoulder slopes, and back 
slopes, Emrick soils on foot slopes and toe slopes, 
Wyard soils in shallow swales and depressions, Tonka 
and Parnell soils in deep depressions that are identified 


by a diamond symbol on the soil map, and Hamerly 
soils around the edges of some depressions. 

Surface runoff is medium, and water ponds in de- 
pressions. 

Soils of this mapping unit are used for pasture or 
are left idle. They are suited to grasses. Stones on or 
near the surface limit the use of farm machinery. 
oe unit VIIs-8; windbreak suitability group 

0. 


Barnes-Svea-Buse loams, 6 to 9 percent slopes (BdC}. 
—Soils of this mapping unit are on glacial till plains. 
The Barnes soils, on back slopes, make up about 50 
percent of the mapping unit; the Svea soils, on foot 
slopes and toe slopes, make up about 25 percent; and 
the Buse soils, on the summits and shoulder slopes, 
make up about 15 percent. 

Included with these soils in mapping are small areas 
of Heimdal soils on back slopes, areas of Emrick soils 
on foot slopes and toe slopes, areas of Tonka and Parnell 
soils in depressions that are identified by a diamond 
symbol on the soil map, and areas of Hamerly and 
Vallers soils around the edges of some of the depres- 
sions. In many places, soils in cultivated areas on the 
summits and shoulder slopes have a lighter colored sur- 
face layer. Erosion has removed the surface layer on 
the summits and shoulder slopes in some cultivated 
areas. Shallow gullies are in drainageways in places. 
Also included are small areas where the slopes range 
from 9 to 16 percent. 

Surface runoff is rapid, and water ponds in depres- 
sions. The hazard of soil blowing is slight. 

Most areas of this mapping unit are cultivated. The 
more sloping areas are generally used for pasture. The 
soils are well suited to grasses and are suited to close- 
growing grain crops and legumes on the sloping and 
gently rolling areas if protective measures are used. 
Surface runoff and wetness in depressions are the main 
concerns of management. Capability unit JITe-6; 
Barnes and Svea soils are in windbreak suitability 
group 8, Buse soil is in windbreak suitability group 10. 

Barnes-Svea-Buse stony loams, 6 to 9 percent slopes 
(BeC)—Soils of this mapping unit are on glacial till 
plains. The Barnes, Svea, and Buse soils have a profile 
similar to the one described as representative of their 
series, but they have a large number of stones on or 
near the surface. The Barnes soils, on back slopes, 
make up about 50 percent of the mapping unit; the 
Svea soils, on foot slopes and toe slopes, make up about 
25 percent; and the Buse soils, on the summits and 
shoulder slopes, make up about 15 percent. 

Included with these soils in mapping are small areas 
of Heimdal soils on back slopes, areas of Emrick soils 
on foot slopes and toe slopes, and areas of Tonka and 
Parnell soils in depressions that are identified by a 
diamond symbol on the soil map. Also included are 
areas of Hamerly and Vallers soils around the edges 
of some depressions. 

_ Surface runoff is rapid, and water ponds in depres- 
sions. 

Soils of this mapping unit are either used for pasture 
or are left idle. They are suited to grasses. The stones 
on or near the surface limit the use of farm machinery. 
Capability unit VIIs-8; windbreak suitability group 
10. 
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Bearden Series 


The Bearden series consists of deep, nearly level, 
somewhat poorly drained, calcareous, saline soils that 
formed in moderately fine textured glaciofluvial de- 
posits. These soils are in slight depressions on glacial 
outwash plains. 

In a representative profile the surface layer is gray 
silt loam about 15 inches thick that has an accumula- 
tion of lime in the lower part. The substratum is 45 
inches thick. The upper 18 inches is mottled, light-gray, 
friable silty clay loam that has an accumulation of 
lime. The next 12 inches is mottled, light-gray silty 
clay loam. The next 8 inches is mottled, light brownish- 
gray sandy clay loam. The next 4 inches is mottled, 
light brownish-gray gravelly loam. The next 4 inches 
is light olive-gray gravel and sand. The lower 4 inches 
is very dark gray sand. 

Permeability is moderately slow, and the available 
water capacity is high. The organic-matter content is 
high, and fertility is medium. The water table is within 
5 feet of the surface most of the year and just below 
the surface in the spring and early in summer. 

These soils are suited to salt-tolerant grain crops, 
grasses, and legumes, but tillage is often delayed be- 
cause of wetness. 

Representative profile of Bearden silt loam, saline, 
in a cultivated field, 330 feet north and 380 feet east of 
the center of sec. 20, T. 149 N., R. 58 W., Nelson 
County: 


Ap—0 to 8 inches, gray (2.5Y 5/1) silt loam, very dark 
gray (2.5Y 3/1) moist; weak, medium and fine, 
subangular blocky structure parting to moderate 
medium granular; slightly hard, friable, slightly 
sticky and plastic; many roots; common segrega- 
tions of salt; strongly effervescent; mildly alka- 
line; abrupt, smooth boundary. 

Al2ca—8 to 15 inches, gray (N 6/0) silt loam, very dark 
gray (2.5Y 3/1) moist; weak, coarse, prismatic 
structure parting to moderate, medium, subangu- 
lar blocky; slightly hard, friable, slightly sticky 
and plastic; common roots; common segregations 
of salt; violently effervescent; mildly alkaline; 
clear, wavy boundary. 

Clea—15 to 28 inches, light-gray (2.5Y 7/1) silty clay 
loam, grayish brown (2.5Y 5/2) moist; weak, 
coarse, prismatic structure parting to moderate, 
medium, subangular blocky; hard, friable, sticky 
and plastic; few roots; common distinct white (N 
8/0) concentrations of lime; violently efferves- 
cent; mildly alkaline; clear, smooth boundary. 

C2—28 to 40 inches, light-gray (2.5Y 7/2) silty clay loam, 
dark grayish brown (2.5Y 4/2) moist; common, 
medium, distinet, brown (10YR 5/3, moist) mot- 
tles; weak, medium, subangular. blocky structure; 
hard, friable, sticky and plastic; few roots; few 
pebbles as large as 5 millimeters; strongly effer- 
vescent; mildly alkaline; clear, smooth boundary. 

C8—40 to 48 inches, light brownish-gray (2.5Y 6/2) sandy 
clay loam, dark grayish brown (2.5Y 4/2) moist; 
common, medium, distinct, dark-brown (10YR 4/3, 
moist) mottles; massive; hard, friable, sticky and 
plastic; few pebbles as large as 5 millimeters; 
slightly effervescent; mildly alkaline; clear, 
smooth boundary. 

TIC4—48 to 52 inches, light brownish-gray (2.5Y 6/2) 
gravelly loam, dark grayish brown (2.5Y 4/2) 
moist; common, fine, distinct, dark-brown (10YR 
4/3, moist) mottles; massive; slightly hard, fria- 
ble, slightly sticky and slightly plastic; few frag- 
ments of shale as large as 30 millimeters; slightly 
effervescent; mildly alkaline; abrupt, smooth 
boundary. 


TIC5—52 to 56 inches, light olive-gray (5Y 6/2) gravel 
and sand, olive gray (5Y 4/2) moist; single 
grained; loose, nonsticky and nonplastic; many 
fragments of shale as large as 10 millimeters and 
common fragments of shale as large as 30 milli- 
meters; slightly effervescent; mildly alkaline; 
abrupt, smooth boundary. 

IIC6—-56 to 60 inches, very dark gray (10YR 3/1) sand, 
very dark brown (10YR 2/2) moist; single 
grained; loose, nonstieky and nonplastic; common 
granitic pebbles and fragments of shale as large 
as 10 millimeters and few granitic pebbles and 
fragments of shale as large as 20 millimeters; 
very slightly effervescent; mildly alkaline. 

The A horizon ranges from 6 to 15 inches in thickness. 
It is gray or very dark gray silt loam or silty clay loam. 
Typically the A horizon has segregations of gypsum and 
other salts throughout and an accumulation of lime in the 
lower part, but it is noncaleareous in places. The Clea 
horizon ranges from 10 to 20 inches in thickness. The C 
horizon is light gray, light brownish gray, light olive gray, 
or very dark gray. It typically is silty clay loam, but in 
many places the texture ranges from silty clay loam to 
sand and gravel below a depth of about 40 inches. The con- 
tent of sand throughout the profile of these soils is greater 
than the defined range for the series; but this does not alter 
their usefulness or behavior. 

Bearden soils are adjacent to Aberdeen, Colvin, and 
Exline soils in many places. They have a profile similar to 
that of Colvin soils, but they are better drained. They have 
an accumulation of lime in or just below the A horizon that 
is lacking in Aberdeen soils and Exline soils. 

Bearden silt loam, saline (Bg)—This nearly level soil 
is in slight depressions on outwash plains. About 20 
percent of the areas are nonsaline. 

Included with this soil in mapping are small areas of 
Glyndon soils in positions similar to those of Bearden 
soils. Also included are areas of Gardena soils and 
Aberdeen soils in slightly higher positions and Colvin 
soils in lower positions. Cultivated areas of this soil 
generally have a lighter colored surface layer. In some 
areas as much as 20 percent of this mapping unit is 
nonsaline Bearden soils. 

Surface runoff is slow, and water ponds in low places. 
The hazard of soil blowing is severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is better suited to 
salt-tolerant grain crops, grasses, and legumes than to 
most other uses. Wetness, salinity, and soil blowing 
are the main concerns of management. Capability unit 
IlIws-4L; windbreak suitability group 10. 


Binford Series 


The Binford series consists of shallow, nearly level 
to hilly, somewhat excessively drained soils that formed 
in moderately coarse textured overlying coarse tex- 
tured shaly glaciofluvial deposits. These soils are on 
glacial outwash plains. 

In a representative profile the surface layer is very 
dark gray sandy loam about 6 inches thick. The sub- 
soil is dark grayish-brown, friable sandy loam about 7 
inches thick. The substratum is light olive-gray strati- 
fied shaly gravel and sand in the upper 27 inches and 
light olive-gray stratified shaly and granitic sands in 
the lower 20 inches. 

Permeability is moderately rapid in the surface 
layer and subsoil and very rapid in the substratum. 
The available water capacity is low. The organic-matter 
content is moderate, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
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legumes, but on the moderately steep and steeper 
slopes they are better suited to grasses than to most 
other uses. 

Representative profile of Binford sandy loam, in an 
area of Binford sandy loam, gravelly substratum, in a 
cultivated field, 275 feet south and 375 feet east of the 
northwest corner of the NE sec. 27, T. 150 N., R. 
65 W., Eddy County: 


Ap—0 to 6 inches, very dark gray (10YR 3/1) sandy 
loam, black (10YR 2/1) moist; weak, medium, 
granular structure; slightly hard, friable, slightly 
sticky and slightly plastic; many roots; slightly 
acid; abrupt, smooth boundary. 

B2—6 to 13 inches, dark grayish-brown (10YR 4/2) sandy 
loam, very dark grayish brown (10YR 8/2) moist; 
weak, coarse, prismatic structure parting to weak, 
medium, subangular blocky; slightly hard, friable, 
slightly sticky and slightly plastic; common roots; 
few shale pebbles as large as 5 millimeters; 
slightly acid; clear, wavy boundary. 

IIC1i—18 to 40 inches, light olive-gray (5Y 6/2) stratified 
shaly gravel and sand, olive gray (5Y 4/2) moist; 
single grained; loose, nonsticky and nonplastic; 
few roots in top 6 inches; to percent gravel by 
volume; coatings of lime on the underside of peb- 
bles; slightly effervescent; mildly alkaline; grad- 
ual, wavy boundary. 

I1C2-—40 to 60 inches, light olive-gray (5Y 6/2) stratified 
shaly and granitic sands, olive gray (5Y 4/2) 
moist; single grained; loose, nonsticky and non- 
plastic; common granitic pebbles as large as 5 
millimeters and few pebbles and fragments of 
shale as large as 20 millimeters; slightly effer- 
vescent; mildly alkaline. 

Depth to the sand and gravel substratum ranges from 
about 13 to 25 inches, but in most places it ranges from 138 
to 20 inches. The A horizon ranges from 5 to 12 inches in 
thickness. It is very dark gray or dark gray. The B2 
horizon ranges from about 6 to 14 inches in thickness. It is 
dark grayish brown or grayish brown. It has moderate or 
weak prismatic structure that parts to moderate or weak 
subangular blocky structure. In some places the B2_horizon 
has organic coatings on the faces of prisms. The IC hori- 
zons are typically stratified shaly sand and gravel, but 
they contain a layer of granitic sand and gravel in places. 
In most places lime coats the undersides of the pebbles 
in one or more of the IIC horizons; but in some places 
lime is present as segregated soft) masses in the upper 
part of the IIC horizon. 

Binford soils are adjacent to Coe, Tolna, and Walum soils 
in many areas, They are not so excessively drained as Coe 
soils, but they are better drained than Tolna and Walum 
soils. 


Binford sandy loam (Bh).—This nearly level soil is 
on outwash plains. It has a profile similar to the one 
described as representative of the series, but the con- 
tent of gravel in the substratum ranges from 10 per- 
cent to 40 percent by volume. 

Included with this soil in mapping are small areas 
of Walum soils in positions similar to those of Binford 
soils. Also included are areas of Vang soils on slightly 
lower concave positions and areas of Tolna soils in 
depressions that are identified on the soil map by a 
diamond symbol. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing and drought- 
iness caused by the low available water capacity are 
the main concerns of management. Capability unit 
TITes-3; windbreak suitability group 6. 

Binford sandy loam, gravelly substratum, 0 to 3 per- 


cent slopes (BkA}]—This soil is on outwash plains. It 
has the profile described as representative of the series. 
The content of gravel in the substratum is 40 percent 
or more by volume. 

Included with this soil in mapping are small areas of 
Binford soils that have a substratum that contains less 
than 40 percent gravel by volume. Also included are 
areas of Walum soils in positions similar to those of 
Binford soils and areas of Tolna soils in depressions 
that are identified on the soil map by a diamond 
symbol. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated, but some areas 
are used for pasture and hay. This soil is suited to 
grain crops, grasses, and legumes. Soil blowing and 
droughtiness caused by the low available water capac- 
ity are the main concerns of management. Capability 
unit IlTes-3; windbreak suitability group 6. 

Binford sandy loam, gravelly substratum, 3 to 6 per- 
cent slopes (Bk8)—This soil is on outwash plains. The 
content of gravel in the substratum is 40 percent or 
more by volume. 

Included with this soil in mapping are small areas 
of Binford soils that have a substratum that contains 
less than 40 percent gravel by volume. Also included 
are areas of Coe soils on the summits and shoulder 
slopes, areas of Vang soils on foot slopes, areas of 
Gardena soils on toe slopes, and areas of Tolna soils 
and Tonka soils in depressions that are identified on 
the soil map by a diamond symbol. Soils on the sum- 
mits and shoulder slopes in cultivated areas have a 
lighter colored surface layer. 

Surface runoff is medium, and water ponds in de- 
pressions. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated, but some areas 
are used for pasture and hay. This soil is suited to 
grain crops, grasses, and legumes. Surface runoff, soil 
blowing, and droughtiness caused by the low available 
water capacity are the main concerns of management. 
Capability unit IlIes-3; windbreak suitability group 
6 


Binford sandy loam, sandy substratum, 0 to 3 per- 
cent slopes (BIA)—This soil is on outwash plains. It 
has a profile similar to the one described as representa- 
tive of the series, but the substratum contains less than 
40 percent gravel by volume. 

Included with this soil in mapping are small areas of 
Walum soils in positions similar to those of Binford 
soils. Also included are areas of Tolna soils in depres- 
sions that are identified on the soil map by a diamond 
symbol, and small areas of Binford soils that have a 
substratum that contains more than 40 percent gravel 
by volume. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing and drought- 
iness caused by the low available water capacity are 
the main concerns of management. Capability unit 
IIIes-3; windbreak suitability group 6. 

Binford sandy loam, sandy substratum, 3 to 6 per- 
cent slopes (818)—This soil is on outwash plains. It has 
a profile similar to the one described as representative 
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of the series, but the substratum contains less than 40 
percent gravel by volume. 

Included with this soil in mapping are small areas 
of Coe soils on the summits and shoulder slopes, areas 
of Vang soils on foot slopes, and areas of Gardena 
soils on toe slopes. Also included are areas of Tolna 
soils and Tonka soils in depressions that are identified 
on the soil map by a diamond symbol, and small areas 
of Binford soils that have a substratum that contains 
more than 40 percent gravel by volume. Soils on the 
summits and shoulder slopes in cultivated areas have 
a lighter colored surface layer. 

Surface runoff is medium, and water ponds in de- 
pressions. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated, but some areas 
are used for pasture and hay. This soil is suited to 
grain crops, grasses, and legumes. Surface runoff, soil 
blowing, and droughtiness caused by the low available 
water capacity are the main concerns of management. 
Capability unit IlIes-3; windbreak suitability group 
6. 

Binford-Coe sandy loams, 6 to 9 percent slopes 
{BmC]—Soils of this mapping unit are on outwash 
plains. The Binford and Coe soils in this mapping unit 
have a profile similar to the one described as rep- 
resentative of their series, but content of gravel in the 
substratum ranges from 10 percent to more than 40 
percent by volume. The Binford soils, on the back 
slopes, make up about 60 percent of this mapping unit, 
and the Coe soils, on the summits and shoulder slopes, 
make up about 25 percent. 

Included with these soils in mapping are small areas 
of Vang soils on foot slopes and areas of Gardena soils 
on toe slopes. Also included are areas of Tolna soils 
and Tonka soils in depressions that are identified on 
the soil map by a diamond symbol. Soils on the sum- 
mits and shoulder slopes in cultivated areas have a 
lighter colored surface layer. 

Surface runoff is rapid, and water ponds in depres- 
sions. The hazard of soil blowing is very severe. 

Some areas of this mapping unit are cultivated, and 
others are used for pasture and hay. The soils are well 
suited to grasses, and they are suited to close-growing 
grain crops and legumes if protective measures are 
used. Surface runoff, soil blowing, and droughtiness 
caused by the low available water capacity are the main 
concerns of management. Capability unit IVes-3; 
Binford soil is in windbreak suitability group 6, Coe 
soil is in windbreak suitability group 10. 

Binford-Coe sandy loams, 9 to 12 percent slopes 
(BmD).—Soils of this mapping unit are on outwash 
plains. The Binford and Coe soils in this mapping unit 
have a profile similar to the one described as repre- 
sentative of their series, but the content of gravel in 
the substratum ranges from 10 percent to more than 
40 percent by volume. The Binford soils, on the back 
slopes, make up about 50 percent of this mapping unit, 
and the Coe soils, on the summits and shoulder slopes, 
make up about 30 percent. 

Included with these soils in mapping are small areas 
of Vang soils on the foot slopes, Gardena soils on the 
toe slopes, and Tolna soils and Tonka soils in depres- 
sions that are identified on the soil map by a diamond 
symbol. Soils on the summits and shoulder slopes in 


cultivated areas commonly have a lighter colored sur- 
face layer. 

Surface runoff is very rapid, and water ponds in 
depressions. The hazard of soil blowing is very severe. 

Most areas of this mapping unit are used for pas- 
ture, but some are cultivated along with adjoining 
areas. The soils are better suited to grasses than to 
most other uses. Surface runoff, soil blowing, and 
droughtiness caused by the low available water capac- 
ity are the main concerns of management. Capability 
unit VIs-3; windbreak suitability group 10. 


Borup Series 


The Borup series consists of deep, nearly level and 
gently sloping, poorly drained, caleareous soils that 
formed in medium-textured glaciofluvial deposits. 
These soils are on glacial outwash plains and in chan- 
nels and seepage areas on the slopes of draws, coulees, 
and rivers. 

In a representative profile the surface layer is silt 
loam about 11 inches thick that is dark gray in the 
upper part. In the lower part it is gray and contains 
an accumulation of lime. The substratum is 49 inches 
thick. The upper 28 inches is white, friable silt loam 
that contains an accumulation of lime. The next 20 
inches is silt loam that is variegated light gray and 
white in the upper part and variegated light yellowish 
brown and light gray in the lower part. The lower- 
most 6 inches is light yellowish-brown sand and 
gravel, 

Permeability is moderate, and the available water 
capacity is high. The organic-matter content is high, 
and fertility is medium. The water table is within 
3 feet of the surface most of the year; it is at or near 
the surface in spring and early in summer in poorly 
drained areas, but it is closer to the surface for longer 
periods in very wet areas. Drains are difficult to install 
- ase soils because outlets are not generally avail- 
able. 

These soils are better suited to grasses than to most 
other uses. If drained, they are suited to small grains 
and legumes. 

Representative profile of Borup silt loam in a hay— 
field, 50 feet south and 1,300 feet west of the north- 
east corner of sec. 22, T. 149 N., R. 67 W., Eddy County: 


A11—0 to 5 inches, dark-gray (10YR 4/1) silt loam, black 
(LOYR 2/1) moist; moderate, fine, granular struc- 
ture; slightly hard, friable, slightly sticky and 
plastic; many roots; strongly effervescent; mildly 
alkaline; clear, smooth boundary. 

Ai2ca—5 to 11 inches, gray (10YR 6/1) silt loam, very 
dark gray (10YR 3/1) moist; weak, medium, pris- 
matic structure parting to moderate, fine, granu- 
lar; slightly hard, friable, sticky and plastic; many 
gradual, irregular boundary. 

Clca—11 to 22 inches, white (N 8/0) silt loam, gray 
(5Y 5/1) moist; weak, medium, prismatic struc- 
ture parting to moderate, fine, subangular blocky; 
slightly hard, friable, sticky and plastic; common 
yvoots; few pebbles as large as 10 millimeters; 
violently effervescent; mildly alkaline; gradual, 
wavy boundary. 

C2ca—22 to 34 inches, white (N 8/0) silt loam, gray 
(5Y 5/1) moist; weak, medium, prismatic strue- 
ture parting to moderate, fine, subangular blocky; 
slightly hard, friable, sticky and plastic; common 
roots; violently effervescent; mildly alkaline; grad- 
ual, wavy boundary. 
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C8ca—-34 to 42 inches, variegated white (N 8/0) and light- 
gray (5Y 7/1) silt loam, gray (5Y 6/1 and 5/1) 
moist; massive; slightly hard, friable, sticky and 
plastic; few roots; few pebbles as large as 10 
millimeters; violently effervescent; mildly alkaline; 
clear, wavy boundary. 

C4—42 to 54 inches, variegated light-gray (5Y 7/1) and 
yellowish-brown (10YR 5/6) silt loam, gray (5Y 
6/1) moist, yellowish red (5YR 4/6) moist, and 
dark brown (7.5¥R 4/4) moist; few, fine, promi- 
nent, black (10YR 2/1, moist) mottles; massive; 
hard, firm, sticky and plastic; strongly effervescent; 
mildly alkaline; clear, wavy boundary. 

IIC5—54 to 60 inches, light yellowish-brown (2.5Y 6/4) 
sand and gravel, olive brown (2.5¥ 4/4) moist; 
single grained; loose, nonsticky and nonplastic; 
slightly effervescent; mildly alkaline. 


The A horizon ranges from 5 to 14 inches in thickness. 
It is very dark gray, dark-gray, or gray silt loam or loam. 
Typically it is caleareous and has an accumulation of lime 
in the lower part, but it is noncalcareous in some places. 
The Cca horizon is light-gray or white loam or silt loam. 
It has weak prismatic structure that parts to moderate or 
weak, subangular blocky structure. The C horizon is mot- 
tled, light-gray, light olive-gray, or yellowish-brown loam 
or silt loam. In most places the IIC horizon is sand and 
gravel but in a few places it is loam or silt loam through- 
out. Segregations of gypsum crystals and other salts are 
just below the Cea horizon in some places and are in the 
‘A horizon in a few places. The Borup soils mapped in 
this survey contain a higher percentage of sand than is 
within the defined range of the series, but this difference 
does not alter their usefulness and behavior. 

Borup soils are adjacent to Glyndon, Marysland, Totten, 
and Vallers soils in many places. They have a profile 
similar to those of Glyndon, Marysland, and Vallers soils. 
Borup soils are more poorly drained than Glyndon soils. 
They contain less sand and gravel below the A horizon 
than Marysland soils. They contain more lime closer to the 
surface than Totten soils. They contain more silt throughout 
the profile than Vallers soils. 


Borup silt loam (Bn)—This nearly level soil is in 
depressions on glacial outwash plains and in channels. 
It has the profile described as representative of the 
series. 

Included with this soil in mapping are small areas 
of Divide, Glyndon, and Totten soils in slightly higher 
positions and areas of Marysland soils in positions 
similar to those of Borup soils. Also included are areas 
of very wet Borup soils and areas of Marysland soils 
in lower positions. A few areas have hummocky 
microrelief, and a few areas are saline. 

Surface runoff is slow. The hazard of soil blowing is 
severe. Tillage is often delayed because of wetness. 

Most areas of this soil are used for pasture and hay, 
but some areas are cultivated along with the adjoining 
better drained soils. This soil is better suited to grasses 
than to most other uses. If drained, it is suited to small 
grains and legumes. Wetness and soil blowing are the 
main concerns of management. Capability unit ITw— 
4L; windbreak suitability group 2. 

Borup and Marysland silt loams, very wet (Bo).—Soils 
of this nearly level, undifferentiated mapping unit are 
in depressions on glacial outwash plains and in chan- 
nels. The Marysland soil in this mapping unit has a 
profile similar to the one described as representative of 
the series, but the surface layer is silt loam, Composi- 
tion of this mapping unit varies from area to area. 

Included with these soils in mapping are small areas 
of Borup soils and Marysland soils in slightly higher 
positions that are not so wet and areas of Divide, Glyn- 
don, and Totten soils in higher positions. The microre- 


lief is hummocky in many areas, and a few areas are 
saline. Also included are areas that have an organic 
surface layer about 2 inches thick. In most years the 
water table is at or near the surface throughout nearly 
all of the growing season. 

Surface runoff is very slow. These soils are not sub- 
ject to soil blowing in their natural state because they 
are very wet and heavily vegetated. The hazard of soil 
blowing is severe if these soils are drained, and if the 
vegetation is destroyed by cultivation. 

Soils of this mapping unit are used for hay and pas- 
ture. They are better suited to grasses than to most 
other uses. Wetness is the main concern of manage- 
ment. Capability unit Vw-8; windbreak suitability 
group 10. 

Borup and Vallers loams, 3 to 6 percent slopes (BpB). 
—Soils of this undifferentiated mapping unit are in 
seepage positions along rivers, coulees, and draws. The 
seepage occurs at the contact of glaciofluvial deposits 
overlying firm glacial till or bedded shale, or at the 
contact between glacial till and bedded shale. A few 
areas are in glacial moraines. The Borup soils and Val- 
lers soils in this mapping unit have profiles similar to 
the ones described as representative of their series; 
the Borup soils, however, have a loam surface layer, 
and both soils have sand and gravel lenses in the pro- 
file that carry seepage water from higher lying areas. 
Composition of this mapping unit varies from area to 
area, 

Included with these soils in mapping are small areas 
of Colvin soils in positions similar to those of Borup 
and Vallers soils. The microrelief is hummocky in 
many areas, and a few areas are saline. Flowing 
springs are in some areas. Some areas have an organic 
surface layer 3 to 10 inches thick. The surface layer is 
silt loam or silty clay loam in some areas. Also included 
are a few areas where the slopes range from 6 to 10 
percent. 

Surface runoff is medium. These soils are not sub- 
ject to soil blowing in their natural state because they 
are very wet and heavily vegetated. The hazard of soil 
blowing is severe if these soils are drained and the 
vegetation is destroyed by cultivation. 

Soils of this mapping unit are used for pasture or 
are left idle. They are suited to grasses. Wetness, soil 
blowing, and overgrazing in pastures are the main con- 
cerns of management. Capability unit Vw—-8; wind- 
break suitability group 2. 


Brantford Series 


The Brantford series consists of shallow, nearly 
level to gently rolling, well-drained soils that formed 
in medium-textured glaciofluvial deposits overlying 
coarse-textured shaly glaciofluvial deposits. These soils 
are on glacial outwash plains that contain a high 
percentage of shale. 

In a representative profile the surface layer is loam 
about 9 inches thick that is very dark gray in the up- 
per 6 inches and very dark grayish brown in the lower 
8 inches. The subsoil is dark grayish-brown, friable 
loam about 6 inches thick. The substratum is grayish- 
brown gravel and sand in the upper 25 inches and 
Soe shaly sand and gravel in the lower 20 
inches. 
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Permeability is moderately rapid in the surface 
layer and subsoil and very rapid in the substratum. 
The available water capacity is low. The organic- 
matter content is high, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. The more sloping ones are better suited to 
grasses than to other uses. 

Representative profile of Brantford loam, in an area 
of Brantford loam, gravelly substratum, 0 to 3 percent 
slopes, in a cultivated field, 100 feet north and 150 feet 
east of the southwest corner of the NW1,, sec. 17, T. 
151 N., R. 64 W., Benson County: 


Ap—0 to 6 inches, very dark gray (10YR 3/1) loam, 
black: (LOYR 2/1) moist; moderate, medium, sub- 
angular blocky structure parting to moderate, 
coarse and medium, granular; slightly hard, fri- 
able, slightly sticky and slightly plastic; many 
roots; neutral; abrupt, smooth boundary. 

A12—6 to 9 inches, very dark grayish-brown (LOYR 8/2) 
loam, very dark brown (10YR 2/2) moist; mod- 
erate, medium, prismatic structure parting to 
weak, thick, platy and to weak, medium, subangu- 
lar blocky; slightly hard, friable, slightly sticky 
and slightly plastic; many roots; neutral; clear, 
wavy boundary. 

B2—9 to 15 inches, dark grayish-brown (2.5Y 4/2) loam, 
very dark grayish brown (2.5Y 3/3) moist; mod- 
erate, medium, prismatic structure parting to 
moderate, medium, subangular blocky; hard, fri- 
able, slightly sticky and slightly plastic; common 
roots; neutral; clear, wavy boundary. 

IIC1—15 to 40 inches, grayish-brown (2.5Y 5/2) shaly 
gravel and sand, very dark grayish brown (2.5Y 
4/2) moist; single grained; loose, nonsticky and 
nonplastic; very few roots in upper 11 inches; 45 
percent gravel, by volume; thin coatings of lime 
on underside of pebbles; slightly effervescent; 
moderately alkaline; clear, wavy boundary. 

IIC2—40 to 60 inches, grayish-brown (2.5Y 5/2) shaly 
sand and gravel, dark grayish brown (2.5Y 4/2) 
moist; single grained; loose, nonsticky and non- 
plastic; 20 to 30 percent gravel, by volume; thin 
coatings of lime on underside of pebbles; slightly 
effervescent; moderately alkaline. 


Depth to sand and gravel ranges from 10 to 20 inches 
below the surface, but the typical range is 15 to 20 inches. 
The A horizon ranges from 5 to 12 inches in thickness. It is 
very dark gray, dark gray, or very dark grayish brown. 
The B2 horizon ranges from 6 to 12 inches in thickness. It 
is dark grayish brown, grayish brown, or dark gray. 
Typically the B2 horizon has moderate prismatic structure 
parting to moderate subangular blocky structure, but in 
some profiles the structure is weak. Organic coatings are 
on the faces of prisms in places. The IIC horizons are 
typically stratified shaly sand and gravel but contain a 
layer of granitic sand and gravel in places, In most places, 
coatings of lime are on the underside of pebbles in one or 
more of the IIC horizons. The upper part of the IIC hori- 
zon has an accumulation of soft masses of lime in a few 
places. 

Brantford soils are adjacent to Coe, Kensal, and Vang soils 
in many areas. They are not so excessively drained and 
are deeper over the IIC horizon than Coe soils. They are 
better drained then Kensal soils, and they lack mottling in 
the B horizon, which is characteristic of Kensal soils. They 
are shallower over the IIC horizon than Vang soils. 


Brantford loam, 3 to 6 percent slopes (BrB)—\This 
soil is on glacial outwash plains. It has a profile similar 
to the one described as representative of the series, but 
the gravel content of the substratum ranges from 10 
percent to more than 40 percent by volume. 

Included with this soil in mapping are small areas 
of Coe soils on summits and shoulder slopes, areas of 
Vang soils on foot slopes, areas of Gardena soils on 


toe slopes, and areas of Tolna soils and Tonka soils in 
depressions that are identified on the soil map by a 
diamond symbol. Soils on the summits and shoulder 
slopes in cultivated areas commonly have a ‘lighter 
colored surface layer. 

Surface runoff is medium, and water ponds in de- 
pressions. The hazard of soil blowing is moderate. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Surface runoff, soil blow- 
ing, and droughtiness caused by the low available wa- 
ter capacity are the main concerns of management. 
Capability unit IIles—5; windbreak suitability group 6. 

Brantford loam, gravelly substratum, 0 to 3 percent 
slopes (BsA) —This soil is on glacial outwash plains, It 
has the profile described as representative of the series. 
Gravel content in the substratum is 40 percent or more 
by volume. 

Included with this soil in mapping are small areas of 
Brantford soils that have a substratum containing less 
than 40 percent gravel by volume. Also included are 
areas of Kensal soils in positions similar to those of 
Brantford soils and areas of Tolna soils in depressions 
that are identified on the soil map by a diamond symbol. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is moderate. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing and drought- 
iness caused by the low available water capacity are 
the main concerns of management. Capability unit 
IIlIs—5; windbreak. suitability group 6. 

Brantford loam, gravelly substratum, 3 to 6 percent 
slopes (8sB)—This soil is on outwash plains. Gravel 
content in the substratum is 40 percent or more by 
volume. 

Included with this soil in mapping are small areas of 
Brantford soils that have a substratum containing less 
than 40 percent gravel by volume. Also included are 
Coe soils on summits and shoulder slopes, Vang soils 
on foot slopes, Gardena soils on toe slopes, and Tolna 
soils and Tonka soils in depressions that are identified 
on the soil map by a diamond symbol. Soils on summits 
and shoulder slopes in cultivated areas commonly have 
a lighter colored surface layer. 

Surface runoff is medium, and water ponds in de- 
pressions. The hazard of soil blowing is moderate. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes, Surface runoff, soil blow- 
ing, and droughtiness caused by the low available wa- 
ter capacity are the main concerns of management. 
Capability unit IIIes-5; windbreak suitability group 
6 


Brantford loam, sandy substratum, 0 to 3 percent 
slopes (BtA)—This soil is on glacial outwash plains. It 
has a profile similar to the one described as represen- 
tative of the series, but the substratum contains less 
than 40 percent gravel by volume. 

Included with this soil in mapping are small areas 
of Brantford soils that have a substratum containing 
more than 40 percent gravel by volume. Also included 
are Kensal soils in positions similar to those of Brant- 
ford soils and Tolna soils in depressions that are iden- 
tified on the soil map by a diamond symbol. 
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Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is moderate. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing and drought- 
iness caused by the low available water capacity are 
the main concerns of management. Capability unit 
IIIs—5; windbreak suitability group 6. 

Brantford loam, sandy substratum, 3 to 6 percent 
slopes (Bt8})—This soil is on outwash plains. It has a 
profile similar to the one described as representative 
of the series, but the substratum contains less than 40 
percent gravel by volume. 

Included with this soil in mapping are small areas 
of Brantford soils that have a substratum containing 
more than 40 percent gravel by volume. Also included 
are Coe soils on summits and shoulder slopes, Vang 
soils on foot slopes, Gardena soils on toe slopes, and 
Tolna soils and Tonka soils in depressions that are 
identified on the soil map by a diamond symbol. Soils 
on summits and shoulder slopes in cultivated areas 
commonly have a lighter colored surface layer. 

Surface runoff is medium, and water ponds in de- 
pressions. The hazard of soil blowing is moderate. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Surface runoff, soil blow- 
ing, and droughtiness caused by the low available wa- 
ter capacity are the main concerns of management. 
Capability unit IITes-5; windbreak suitability group 6. 

Brantford-Coe loams, 6 to 9 percent slopes (BuC).— 
Soils of this mapping unit are on glacial outwash 
plains. The Brantford and Coe soils have a profile 
similar to the one described as representative of their 
series, but the gravel content of the substratum of each 
ranges from 10 percent to more than 40 percent by 
volume. Brantford soils, on back slopes, make up about 
60 percent of the mapping unit, and Coe soils, on sum- 
mits and shoulder slopes, make up about 25 percent. 

Included with these soils in mapping are small areas 
of Vang soils on foot slopes and areas of Gardena soils 
on toe slopes. Also included are Tolna soils and Tonka 
soil: in depressions that are identified on the soil map 
by a diamond symbol. Soils on summits and shoulder 
slopes in cultivated areas commonly have a lighter 
colored surface layer. 

Surface runoff is rapid, and water ponds in depres- 
sions. The hazard of soil blowing is moderate. 

Some areas of this mapping unit are cultivated, and 
others are used for pasture and hay. The soils are well 
suited to grasses, and they are suited to close-growing 
grain crops and legumes if protective measures are 
used. Surface runoff, soil blowing, and droughtiness 
caused by the low available water capacity are the 
main concerns of management. Capability unit IIles— 
5; Brantford soil is in windbreak suitability group 6, 
Coe soil is in windbreak suitability group 10. 

Brantford-Kensal loams (Bv)—Soils of this nearly 
level mapping unit are on glacial outwash plains. The 
Brantford and Kensal soils have a profile similar to 
the one described as representative of their series, but 


the content of gravel in the substratum of each soil is. 


10 percent to more than 40 percent by volume. The 
composition of this mapping unit is variable; some 


areas have mainly Brantford soils, others have mainly 
Kensal soils, and others have both soils. 

Included with these soils in mapping are small areas 
of Vang soils in concave positions and areas of Tolna 
soils in depressions that are identified on the soil map 
by a diamond symbol. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is moderate. 

Most areas of this mapping unit are cultivated, but 
some are used for pasture and hay. The soils are 
suited to grain crops, grasses, and legumes. Soil blow- 
ing and droughtiness caused by the low available water 
capacity are the main concerns of management. Ca- 
pability unit IIIs-5; Brantford soil is in windbreak 
suitability group 6, Kensal soil is in windbreak suit- 
ability group 1. 


Buse Series 


The Buse series consists of deep, sloping to very 
steep, well-drained soils that formed in medium tex- 
tured and moderately fine textured glacial till. These 
soils are on glacial till plains (fig. 7). 

In a representative profile the surface layer is loam 
about 7 inches thick that is dark gray in the upper 3 
inches and variegated dark gray and light brownish 
gray in the lower 4 inches. The substratum is 53 inches 
thick. The upper 7 inches is mottled, light brownish- 


Figure 7.—-Profile of Buse loam, a deep, well-drained soil that 
formed in glacial till. 
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gray, friable loam that has an accumulation of lime. 
The next 8 inches is variegated, light brownish-gray 
and light-gray loam that has an accumulation of lime. 
The next 12 inches is mottled, light brownish-gray 
loam. The lower 26 inches is mottled, light yellowish- 
brown loam. 

Permeability is moderately slow, and the available 
water capacity is high. The organic-matter content is 
moderate, and fertility is low. 

These soils are better suited to grasses than to most 
other uses, but they are suited to close-growing grain 
crops and legumes on the sloping and moderately steep 
areas, 

Representative profile of Buse loam, in an area of 
Buse-Barnes loams, 9 to 30 percent slopes, in a native 
pasture, 45 feet north and 580 feet east of the south- 
west corner of sec. 27, T. 150 N., R. 67 W., Eddy 
County: 


Al—-0 to 3 inches, dark-gray (10YR 4/1) loam, black 
(10YR 2/1) moist; weak, fine, crumb structure; 
slightly hard, friable, slightly sticky and slightly 
plastic; many roots; slightly effervescent; neutral; 
abrupt, smooth boundary. 

ACca—3 to 7 inches, variegated dark-gray and light 
brownish-gray (10YR 4/1 and 6/2) loam, black 
and very dark grayish brown (10YR 2/1 and 3/2) 
moist; weak, coarse, prismatic structure parting 
to weak, medium, crumb; slightly hard, friable, 
slightly sticky and slightly plastic; many roots; 
smooth boundary. 

C1ca—7 to 14 inches, light brownish-gray (2.5Y 6/2) loam, 
dark grayish brown (2.5Y 4/2) moist; very few, 
fine, distinct, dark reddish-brown (5YR 3/3, 
moist) mottles; weak, coarse and medium, pris- 
matic structure parting to weak, medium, crumb; 
hard, friable, slightly sticky and slightly plastic; 
common roots; violently effervescent; moderately 
alkaline; clear, irregular boundary. 

C2ca—14 to 22 inches, variegated light brownish-gray and 
light-gray (2.5Y 6/2 and 7/2) loam, olive brown 
and light olive brown (2.5Y 4/4 and 5/4) moist; 
weak, coarse and medium, prismatic structure 
parting to weak, medium, platy; hard, friable, 
slightly sticky and slightly plastic; common roots; 
violently effervescent; moderately alkaline; grad- 
ual, wavy boundary. 

C3—22 to 34 inches, light brownish-gray (2.5Y 6/2) loam, 
dark grayish brown (2.5Y 4/2) moist; few, fine, 
distinct, dark reddish-brown (5YR 3/3, moist) 
mottles; weak, coarse, prismatic structure parting 
to weak, medium, platy; hard, friable, slightly 
sticky and slightly plastic; few roots; strongly 
effervescent; moderately alkaline; gradual, wavy 
boundary. 

C4—34 to 60 inches, light yellowish-brown (2.5Y 6/4) loam, 
olive brown (2.5Y 4/4) moist; few, fine, distinct, 
dark reddish-brown (5YR 8/8, moist) mottles; 
weak, coarse, prismatic structure parting to weak, 
medium, platy; hard, friable, slightly sticky and 
slightly plastic; strongly effervescent; moderately 
alkaline. 


The A horizon ranges from 3 to 7 inches in thickness. 
It is dark gray or very dark gray. A transitional horizon, 
the AC horizon, if present, is dark gray, light brownish 
gray, or grayish brown and is 8 to 8 inches thick. The 
Cea horizon is mottled, light brownish-gray or light-gray 
loam or clay loam. The C horizons below the Cca horizon 
are mottled, light brownish-gray, light-gray, light yellowish- 
brown, or pale-yellow loam or clay loam. Various sized 
ana and stones are present throughout the profile in 
places. 

Buse soils are adjacent to Barnes, Edgeley, Kloten, and 
Sioux soils in many places. They have a profile similar to 
that of Zell soils. They lack the B horizon that is char- 
acteristic of Barnes and Edgeley soils. They formed in 
glacial till unlike Edgeley soils which formed in very shaly 


glacial till overlying bedded shale. They lack the coarse 
textures that are typical of the JIC horizons of Sioux soils. 
ay contain more clay throughout the profile than Zell 
soils. 


Buse-Barnes loams, 9 to 30 percent slopes (BwE).— 
Soils of this mapping unit are on the side slopes of the 
Sheyenne River Valley and on glacial moraines. The 
Buse soils have the profile described as representative 
of the series. The Buse soils, on summits, shoulder 
slopes, and upper back slopes, make up about 55 percent 
of the mapping unit, and the Barnes soils, on back 
slopes and upper foot slopes, make up about 30 percent. 

Included with these soils in mapping are small 
areas of Svea soils on lower foot slopes and toe slopes, 
and areas of Tonka and Parnell soils in depressions 
that are identified on the soil map by a diamond sym- 
bol. Also included are areas of Hamerly soils and Val- 
lers soils around the edges of some of the depressions. 
Stones and boulders are common on the surface in 
some areas. 

Surface runoff is very rapid, and water ponds in 
depressions. The hazard of soil blowing is slight, but 
the hazard of soil blowing is severe if the grass vegeta- 
tion is destroyed by cultivation or overgrazing. 

Most areas of this mapping unit are used for pasture. 
The soils are better suited to grasses than to most 
other uses. Surface runoff and soil blowing are the 
main concerns of management. Capability unit VIe— 
6; windbreak suitability group 8. 

Buse-Edgeley loams, 9 to 30 percent slopes (BxD}.— 
Soils of this mapping unit are on the side slopes of the 
Sheyenne River Valley. The Edgeley soils in this map- 
ping unit formed in colluvium that weathered from 
glacial till and weathered shale and are underlain by 
weathered and bedded shale at a depth of less than 50 
inches. Buse soils are upslope from Edgeley soils, and 
ee makes up from 25 to 65 percent of the mapping 
unit, 

Included with these soils in mapping are small areas 
of Barnes soils on back slopes associated with Buse 
soils. Also included are Kloten soils on back slopes 
associated with Edgeley soils and Walsh soils on toe 
slopes. Stones and boulders are common on the surface 
in some areas. 

Surface runoff is very rapid, and the drainageways 
are gullied in places. The hazard of soil blowing is 
slight; it is severe if the grass vegetation is destroyed 
by overgrazing or cultivation. 

Soils of this mapping unit are used for pasture, and 
they are better suited to grasses than to most other 
uses. Surface runoff and soil blowing are the main con- 
cerns of management. Capability unit VIe-6; wind- 
break suitability group 8. 

Buse and Kloten loams, 6 to 25 percent slopes (ByE). 
—Soils of this undifferentiated mapping unit are on 
the side slopes of the Sheyenne River Valley. Composi- 
tion of this mapping unit varies from area to area. 
Buse soils are upslope from Kloten soils. 

Included with these soils in mapping are small areas 
of Barnes soils on back slopes associated with Buse 
soil and areas of Edgeley soils on back slopes and upper 
foot slopes associated with Kloten soils. Also included 
ave Walsh soils and the shaly variant of Cavour clay 
loam on lower foot slopes and toe slopes. Stones and 
boulders are common on the surface in some areas. 
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Surface runoff is very rapid, and the drainageways 
are gullied in places. The hazard of soil blowing is 
slight; it is severe if the grass vegetation is destroyed 
by cultivation or overgrazing. 

Soils of this mapping unit are used for pasture. They 
are better suited to grasses than to most other uses. 
Surface runoff and soil blowing are the main concerns 
of management. Capability unit VIe-6; Buse soil is 
in windbreak suitability group 8, Kloten soil is in wind- 
break suitability group 10. 

Buse, Sioux, and Zell soils, 3 to 30 percent slopes 
(BzD)—-Soils of this undifferentiated mapping unit are 
on morainic areas on glacial till plains and on glacial 
disintegration ridges on the outwash plain north and 
east of New Rockford. Composition of this mapping 
unit varies from area to area; glacial till, gravel, sand, 
and silt are deposited in a random pattern. Buse, Sioux, 
and Zell soils are on summits, shoulder slopes, and 
upper back slopes. 

Included with these soils in mapping are small areas 
of Barnes, Eckman, Heimdal, and Renshaw soils on 
back slopes and areas of Emrick, Gardena, Hecla, and 
Svea soils on foot slopes and toe slopes. Also included 
are areas of Tonka soils in depressions that are identi- 
fied on the soil map by a diamond symbol. Stones and 
boulders are common on the surface in some areas. 

Surface runoff is very rapid, and the drainageways 
are gullied in places. The hazard of soil blowing is 
slight; it is severe if the grass vegetation is destroyed 
by cultivation or overgrazing. 

Most areas of this mapping unit are used for pas- 
ture, but in some areas the lower parts of the slopes 
are cultivated. The soils are better suited to grasses 
than to most other uses, but close-growing grain crops 
and legumes can be grown on small, less steep areas if 
protective measures are used. Surface runoff and soil 
blowing are the main concerns of management. Ca- 
pability unit VIe-6; Buse soil is in windbreak suit- 
ability group 8, Sioux soil is in windbreak suitability 
group 10, Zell soil is in windbreak suitability group 8. 


Cathay Series 


The Cathay series consists of deep, nearly level to 
gently undulating, moderately well drained and some- 
what poorly drained, claypan soils that formed in 
medium-textured glacial till. These soils are on glacial 
till plains. 

In a representative profile the surface layer is dark- 
gray loam about 8 inches thick. The subsurface layer 
is gray loam about 1 inch thick. The subsoil is firm 
clay loam and is dark grayish brown in the upper 8 
inches and light olive brown in the lower 5 inches. 
Gypsum crystals are in the lower part of the subsoil. 
The substratum is mottled, light olive-brown clay loam. 
It contains many salt crystals and an accumulation of 
lime in the upper 10 inches and is variegated light 
brownish-gray and dark grayish-brown loam in the 
lower 18 inches. 

Permeability is slow or moderately slow, and the 
available water capacity is high. The organic-matter 
content is high, and fertility is medium. The dense 
subsoil and the salts in the lower part of the subsoil 
limit root growth and water penetration. The water 
table is within 5 feet of the surface most of the year 


and at or near the surface in spring and early in 
summer. A water table forms above the dense subsoil 
during periods of heavy rainfall. Tillage is often de- 
layed in spring because of wetness. 

These soils are suited to grain crops and grasses and 
poorly suited to legumes. 

Representative profile of Cathay loam, in an area of 
Cathay-Heimdal loams, 0 to 3 percent slopes, in a cul- 
tivated field, 120 feet north and 375 feet east of the 
southwest corner of sec. 15, T. 150 N., R. 67 W., Eddy 
County: 


Ap—0 to 8 inches, dark-gray (10YR 4/1) loam, black 
(LOYR 2/1) moist; weak, medium, crumb struc- 
ture; slightly hard, friable, slightly sticky and 
slightly plastic; few roots; few gray patches of 
bleached smooth 
boundary. 

A2—8 to 9 inches, gray (10YR 5/1) loam, very dark gray 
and very dark grayish brown (10YR 3/1 and 3/2) 
moist; weak, medium, prismatic structure parting 
to weak, medium, platy; slightly hard, friable, 
nonsticky and nonplastic; many roots, slightly acid; 
clear, wavy boundary. 

B21t—9 to 17 inches, dark grayish-brown (2.5Y 4/2) clay 
loam, very dark grayish brown (2.5Y 3/2) moist; 
moderate, medium, prismatic structure parting to 
strong, medium, angular blocky; hard, firm, sticky 
and plastic; light-gray (10YR 7/1) bleached silt 
and sand grains on the top and sides of prisms; 
very dark grayish-brown (10YR 3/2) organic 
stains on faces of prisms; neutral; gradual, wavy 
boundary. 

B22t—-17 to 22 inches, light olive-brown (2.5Y 5/4) clay 
loam, olive brown (2.5Y 4/4) moist; moderate, 
coarse and medium, prismatic structure; hard, 
firm, sticky and plastic; patches of dark grayish- 
brown (2.5Y 4/2) organic stains on faces of 
prisms; few nests of gypsum crystals; slightly 
effervescent; moderately alkaline; gradual, wavy 
boundary. 

Clceacs—22 to 32 inches, light olive-brown (2.5Y 5/4) clay 
loam, olive brown (2.5Y 4/4) moist; common, 
coarse, distinet, light brownish-gray (2.5Y 6/2, 
moist) mottles; weak, coarse and medium, pris- 
matic structure; hard, friable, sticky and oe 
few nests of gypsum crystals and many silt crys- 
tals; violently effervescent; moderately alkaline; 
gradual, wavy boundary. 

C2—32 to 60 inches, variegated light brownish-gray and 
dark grayish-brown (2.5Y 6/2 and 4/2) loam, 
olive brown (2.5Y 4/4), very dark grayish brown 
(2.5Y 8/2), and yellowish brown (10YR 5/6) 
moist; hard, friable, slightly sticky and slightly 
plastic; violently effervescent; moderately alkaline. 


sand; slightly acid; abrupt, 


The Al horizon ranges from 6 to 12 inches in thickness. 
It is dark-gray or very dark gray loam or silt loam. It is 
loam typically, but is clay loam or silty clay loam in places 
because tillage has mixed the B2 horizon with the Al and 
A2 horizons. The A2 horizon is very fine sandy loam, loam, 
or silt loam % to 4 inches thick. The B2 horizon is dark 
grayish-brown or light olive-brown clay loam or loam 8 to 
20 inches thick. It has strong or moderate prismatic struc- 
ture that parts to strong angular blocky structure. The 
B2 horizon has an accumulation of lime, gypsum crystals, 
and other salts in the lower part of the profile in most 
places. The Cea horizon is clay loam or loam. 

Cathay soils are adjacent to Cresbard, Heimdal, and 
Larson soils in many places. They have a profile similar to 
that of Cresbard and Larson soils. They formed in glacial 
till that contains less clay than Cresbard soils. They have 
a platy A2 horizon and a claypan B2t horizon, which 
Heimdal soils do not have. They have a thicker Al horizon 
and A2 horizon than Larson soils. 


Cathay loam (Ca).—This soil is nearly level and is in 
slight depressions on glacial till plains. 
Included with this soil in mapping are small areas 
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of Heimdal soils and Emrick soils in slightly higher 
positions and areas of Larson soils and Miranda soils 
in slightly lower positions. Fram soils and Vallers soils 
are around the edges of some of the depressions that 
are identified on the soil map by a diamond symbol. 
These depressions contain Tonka soils. In some culti- 
vated areas the surface layer is clay loam that is hard 
and cloddy when dry and sticky when wet because 
some of the dense subsoil has been mixed with the 
surface and subsurface layers. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is moderate. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops and grasses, but it is poorly suited to legumes. 
Growth of most crops is reduced because of the dense 
subsoil and slow permeability. Wetness, maintenance 
of good soil tilth, and soil blowing are the main con- 
cerns of management. Capability unit IIIs-5P; wind- 
break suitability group 4. 

Cathay-Heimdal loams, 0 to 3 percent slopes (ChA)— 
Soils of this mapping unit are on glacial till plains. 
Cathay soils have the profile described as representative 
of the Cathay series. Cathay soils, in concave posi- 
tions, and Heimdal soils, on convex positions, each 
make up about 30 te 40 percent of the mapping unit. 

Included with these soils in mapping are small areas 
of Larson soils and Miranda soils in concave posi- 
tions, areas of Emrick soils on plane slopes, and areas 
of Fram soils and Vallers soils around the edges of 
some of the depressions that are identified on the soil 
map by a diamond symbol. These depressions contain 
Tonka soils or Parnell soils. In some cultivated areas 
the Cathay soils have a surface layer of clay loam 
that is hard and cloddy when dry and sticky when 
wet because some of the dense subsoil has been mixed 
with the surface and subsurface layers. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is moderate. 

Most areas of this mapping unit are cultivated but 
some are used for pasture and hay. The soils are suited 
to grain crops and grasses, but they are poorly suited 
to legumes. Growth of most crops is reduced on the 
Cathay soil because of the dense subsoil and slow per- 
meability. Wetness, maintenance of good soil tilth, and 
soil blowing are the main concerns of management. 
Capability unit TIs-5P; Cathay soil is in windbreak 
suitability group 4, Heimdal soil is in windbreak suit- 
ability group 3. 

Cathay-Heimdal loams, 3 to 6 percent slopes (ChB).— 
Soils of this mapping unit are on glacial till plains. 
Cathay soils, in concave positions, and Heimdal soils, 
on convex positions, each make up about 30 to 40 per- 
cent of the mapping unit. 

Included with these soils in mapping are small areas 
of Larson soils and Miranda soils in concave positions, 
areas of Emrick soils on plane slopes, and areas of 
Fram soils and Vallers soils around the edges of some 
of the depressions that are identified on the soi] map 
by a diamond symbol. Either Tonka soils or Parnell 
soils are in the depressions. In some cultivated areas 
the surface layer of the Cathay soils is clay loam that 
is hard and cloddy when dry and sticky when wet be- 
cause some of the dense subsoil has been mixed with 
the surface and subsurface layers. In cultivated areas 


a lighter colored surface layer than is typical is on the 
summit of many knolls. 

Surface runoff is medium, and water ponds in de- 
pressions. The hazard of soil blowing is moderate. 

Most areas of this mapping unit are cultivated, but 
some are used for pasture and hay. The soils are suited 
to grain crops and grasses, but they are poorly suited 
to legumes. Growth of most crops is reduced on the 
Cathay soils because of the dense subsoil and slow per- 
meability. Wetness, maintaining good tilth, and soil 
blowing are the main concerns of management. Ca- 
pability unit IIIs-5P; Cathay soil is in windbreak 
suitability group 4, Heimdal soil is in windbreak suit- 
ability group 3. 

Cathay-Larson loams (Cm).—Soils of this nearly level 
mapping unit are in slight depressions on glacial till 
plains. Cathay soils make up about 40 to 50 percent 
of the mapping unit, and Larson soils, in slightly 
lower positions, make up abovt 30 to 40 percent. 

Included with these soils in mapping are small areas 
of Heimdal soils and Emrick soils in slightly higher 
positions and areas of Fram, Vallers, and Miranda 
soils around the edges of some of the depressions that 
are identified on the soil map by a diamond symbol. 
Either Tonka soils or Parnell soils are in these de- 
pressions. In some cultivated areas the surface layer 
is clay loam that is hard and cloddy when dry and 
sticky when wet because some of the dense subsoil has 
been mixed with the surface and subsurface layers. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is slight when the 
soils have good grass cover, but it is moderate if the 
grass cover is destroyed by cultivation or overgrazing. 

Most areas of this mapping unit are used for pas- 
ture and hay, but small areas are cultivated along with 
the adjoining soils. Soils of this mapping unit are 
better suited to salt-tolerant grasses than to most 
other uses. Growth of most crops is reduced because 
of the dense subsoil, slow permeability, and high con- 
tent of salt. Wetness, maintaining good tilth in tilled 
areas, and soil blowing are the main concerns of man- 
agement. Capability unit IVs-6P; Cathay soil is in 
windbreak suitability group 4, Larson soil is in wind- 
break suitability group 9. 


Cavour Series 


The Cavour series consists of deep, nearly level, 
moderately well drained claypan soils that formed in 
medium-textured and moderately fine textured glacial 
till. These soils are on glacial till plains, flood plains, 
and terraces. 

In a representative profile the surface layer is dark- 
gray loam about 4 inches thick. The subsoil, about 
15 inches thick, is dark-gray, very firm, clay loam in 
the upper 4 inches and very dark gray, firm clay loam 
in the lower 11 inches. The substratum is 41 inches 
thick. The upper 9 inches is mottled, gray clay loam 
that contains an accumulation of lime. The next 20 
inches is light olive-gray loam. The lower 12 inches is 
mottled, pale-olive loam. 

Permeability is very slow, and the available water 
capacity is moderate. The organic-matter content is 
high, and fertility is low. The dense subsoil and the 
salts in the lower part of the subsoil limit root growth 
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and water penetration. The water table is within 5 feet 
of the surface most of the year and at or near the sur- 
face in spring and early in summer, A perched water 
table forms above the dense subsoil during periods of 
heavy rainfall. 

These soils are suited to salt-tolerant -grasses and 
grain crops, except where they are too stony for use of 
farm machinery or are subject to flooding. 

Representative profile of Cavour loam, in an area of 
Cavour-Cresbard loams, in a cultivated field, 120 feet 
south and 525 feet west of the northeast corner of the 
NW/Y, sec. 5, T. 149 N., R. 59 W., Nelson County: 


Ap—0 to 4 inches, dark-gray (10YR 4/1) loam, black 
(1LOYR 2/1) moist; weak, medium and fine, sub- 
angular blocky structure parting to moderate, fine, 
granular; slightly hard, very friable, slightly 
sticky and slightly plastic; many roots; slightly 
acid; abrupt, smooth boundary. 

B21t—4 to 8 inches, dark-gray (10YR 4/1) clay loam, 
black (10YR 2/1) moist; strong, medium, columnar 
structure parting to strong, medium and fine, an- 
gular blocky; very hard, very firm, very sticky and 
very plastic; distinct continuous clay films on faces 
of columns; few roots; neutral; clear, smooth 
boundary. 

B22tcs—8 to 19 inches, very dark gray (10YR 8/1) clay 
loam, black (10YR 2/1) moist; moderate, coarse, 
prismatic structure parting to strong, medium and 
fine, angular blocky; hard, firm, sticky and very 
plastic; distinct continuous clay films on faces 
of prisms; threadlike segregations of salt and few 
nests of gypsum crystals; slightly effervescent; 
mildly alkaline; clear, wavy boundary, 

Clea—19 to 28 inches, gray (5Y 6/1) clay loam, olive 
gray (5Y 5/2) moist; few, fine, distinct, yellow- 
ish-brown (10YR 5/6) mottles; weak, coarse, pris- 
matic structure parting to moderate, medium, 
blocky; hard, friable, sticky and plastic; few peb- 
bles as large as 5 millimeters; violently efferves- 
cent; moderately alkaline; clear, smooth boundary. 

C2-—-28 to 48 inches, light olive-gray (5Y 6/2) clay loam, 
olive (5Y 5/3) moist; moderate, medium, blocky 
structure; hard, firm, sticky and plastic; few, fine, 
prominent concretions of iron; few prominent lime 
nodules and few pebbles as large as 5 millimeters; 
strongly effervescent; moderately alkaline; clear, 
smooth boundary. 

C3—48 to 51 inches, pale-olive (BY 6/4) sandy loam, olive 
(5Y 5/6) moist; common, fine, distinct, light-gray 
(5Y 7/1) mottles; hard, friable, slightly sticky 
and slightly plastic; common pebbles as large as 
20 millimeters; slightly effervescent; moderately 
alkaline; clear, smooth boundary. 

C4—51 to 60 inches, pale-olive (5Y 6/4) loam, olive (5Y 

moist; common, fine, distinct, light-gray 
(5Y 7/1) mottles; hard, friable, sticky and plas- 
tic; common granitic pebbles and fragments of 
shale as large as 20 millimeters; strongly effer- 
vescent; moderately alkaline. 


The Al horizon ranges from 4 to 6 inches in thickness. 
It is very dark gray, dark gray, or gray. Typically, the Al 
horizon ts loam, but it is clay loam where deep tillage has 
mixed the B2 horizon with the Al and A2 horizons. The A2 
horizon is absent in some places; it appears as a thin 
gray coating on top of the B2 horizon in other places; or it 
is as much as 2 inches of gray platy loam in other places. 
The B2 horizon is dark gray or very dark gray and is 10 
to 20 inches thick. It has strong or moderate, columnar, 
or prismatic structure that parts to strong or moderate, 
blocky structure. In a typical profile the B2 horizon has 
an accumulation of gypsum and other salts in the lower 
part, but this accumulation is lacking in places. It has an 
accumulation of lime in the lower part of the profile in 
places, but this is absent in the typical profile. Typically, 
the C horizon is clay loam, but in some places, it is clay 
loam to a depth of about 40 inches and it is stratified sandy 
loam, loam, or clay loam below a depth of 40 inches. Typi- 


cally, an accumulation of lime is in the upper part of the 
C horizon, but this aceumulation is lacking in places. 
Gypsum crystals and other salt segregations are present 
throughout the C horizon in some places. 

Cavour soils are adjacent to the Cavour variant and to 
Cresbard, Hamerly, and Vallers soils in many places. Ca- 
vour soils have a profile similar to that of the Cavour 
variant, but they formed in material weathered from glacial 
till instead of shale. They have a thinner combined Al 
and A2 horizon than Cresbard soils. They have a claypan 
B2t horizon, which Hamerly soils and Vallers soils lack. 

Cavour-Cresbard loams (Cn)—Soils of this nearly 
level mapping unit are in low broad swales on the 
glacial till plain. Cavour soils have the profile described 
as representative of the series. Cavour soils make up 
about 45 percent of this mapping unit, and the Cres- 
bard soils, in slightly higher positions, make up about 
35 percent. 

Included with these soils in mapping are small areas 
of Hamerly soils and Svea soils in slightly higher po- 
sitions, and areas of Vallers soils around the edges 
of depressions that are identified on the soil map by a 
diamond symbol. Tonka soils and Parnell soils are in 
the depressions. In some cultivated areas the surface 
layer is clay loam that is hard and cloddy when dry 
and sticky when wet because some of the dense subsoil 
has been mixed with the surface and subsurface layers. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is slight, 

Most areas of this mapping unit are cultivated, but 
some areas are used for pasture and hay. The soils 
are suited to salt-tolerant grasses and grain crops, but 
they are poorly suited to legumes. The dense subsoil, 
slow permeability, and high content of salt restrict 
the growth of most crops. Wetness and maintenance 
of good tilth in cultivated areas are the main concerns 
of management. Capability unit IVs-6P; Cavour soil 
is in windbreak suitability group 9, Cresbard soil is 
in windbreak suitability group 4. 

Cavour and Vallers stony clay loams (Co).—Soils of 
this nearly level undifferentiated mapping unit are on 
flood plains and low terraces along the James River 
and in broad shallow channels draining into the James 
River. Cavour soils and Vallers soils have a profile 
similar to the one described as representative of their 
series, but these soils have a clay loam surface layer 
and contain a large number of stones on or near the 
surface. The composition of this mapping unit varies 
from one area to another. Cavour soils are in slightly 
higher positions on the landscape than the Vallers 
soils. 

Included with these soils in mapping are small areas 
of Cresbard, Hamerly, and Lamoure soils in slightly 
higher positions than Cavour soils and areas of Ludden 
soils and Miranda soils in positions similar to those 
of Vallers soils. Stones on or near the surface prevent 
the use of farm machinery, 

Surface runoff is slow. Many areas are flooded every 
spring. 

This mapping unit is used for pasture. The soils 
are better suited to grasses than to most other uses. 
Wetness is the main concern of management. Capa- 
bility unit VIIsw-8; windbreak suitability group 10. 


Cavour Variant 
The Cavour variant is a moderately deep, gently 
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sloping, somewhat poorly drained claypan soil that 
formed in material that weathered from shale. This 
soil is on the lower side slopes of shale outcrops along 
the Sheyenne River. 

In a representative profile the surface layer is dark- 
gray clay loam about 5 inches thick. The subsoil is 
dark-gray, firm silty clay about 9 inches thick. The 
substratum is 46 inches thick. The upper 12 inches is 
gray silty clay that contains an accumulation of lime. 
The next 6 inches is mottled, olive-gray silty clay that 
contains gypsum crystals. The lower 28 inches is mot- 
tled, light olive-gray bedded shale. 

Permeability is very slow, and the available water 
capacity is low. The organic-matter content is high, 
and fertility is low. The dense subsoil layer and the 
salts in the upper part of the substratum limit root 
and water penetration. Water trapped in the shale 
often results in wet spots and springs. 

This soil is suited to salt-tolerant grasses. 

Representative profile of Cavour clay loam, shaly 
variant, in a pasture, 2,000 feet north and 1,200 feet 
east of the southwest corner of sec. 4, T. 150 N., R. 
66 W., Eddy County: 


A1—0 to 5 inches, dark-gray (10YR 4/1) clay loam, black 
(10YR 2/1) moist; weak, medium, prismatic 
structure parting to weak, fine, crumb; slightly 
hard, friable, slightly sticky and slightly plastic; 
many roots; neutral; abrupt, smooth boundary. 

B2t—-5 to 14 inches, dark-gray (5Y 4/1) silty clay, black 
(5Y 2/1) moist; strong, medium, columnar struc- 
ture parting to strong, fine, angular blocky; very 
hard, firm, sticky and plastic; few roots; very dark 
gray (5Y 3/1, moist) clay films on faces of peds, 
gray (5Y 5/1, moist) coatings on top of columns; 
few tongues extend to a depth of 18 inches; 
neutral; clear, wavy boundary. 

Cica—14 to 26 inches, gray (5Y 5/1) silty clay, dark gray 
(5Y 4/1) moist; weak, coarse, prismatic strue- 
ture parting to moderate, fine, subangular blocky; 
very hard, firm, sticky and plastic; continuous clay 
films on faces of peds; strongly effervescent; mod- 
erately alkaline; clear, wavy boundary. 

C2cs—26 to 32 inches, olive-gray (5Y 5/2) silty clay, olive 
gray (5Y 4/2) moist; many, coarse, prominent 
light-gray (5Y 7/1, moist) mottles; massive; 
hard, firm, sticky and plastic; common nests of 
gypsum crystals; slightly effervescent; moderately 
alkaline; gradual, wavy boundary. 

to 44 inches, light olive-gray (5Y 6/2) bedded 

shale, olive gray (5Y 4/2) moist; common, me- 

dium, distinct, light olive-brown (2.5Y 5/4, moist) 
mottles; strong, thin, platy structure; gradual 
boundary. 

R4—44 to_60 inches, gray and light olive-gray (N 5/0 and 
5Y 6/2) bedded shale; dark gray and olive gray 
(N 4/0 and 5Y 5/2) moist; few, coarse, promi- 
nent red (2.5YR 5/6, moist) and yellowish-brown 
(L0YR 5/4, moist) mottles; strong, thin, platy 
structure. 


Depth to the bedded shale ranges from 25 to 45 inches. 
The Ai horizon ranges from 4 to 9 inches in thickness. It is 
dark-gray or very dark gray loam or clay loam. The A2 
horizon is absent in places; it appears as thin gray coat- 
ings on the top of columns in places, or is as much as 4 
inches of gray platy loam in other places, The B2 horizon 
is silty clay or clay 6 to 16 inches thick. It has strong 
or moderate columnar or prismatic structure that parts to 
strong or moderate blocky structure. The C horizon is gray 
or olive-gray silty clay loam, silty clay, or clay. Typically 
an accumulation of lime and salts is in the upper part of 
the C horizon, but this accumulation does not occur in places. 
The R horizon is gray or light olive gray. 

The Cavour variant is adjacent to Cavour, Edgeley, 
Kloten, and Walsh soils in many places. It has a profile 
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similar to Cavour soils, but it formed in material that 
weathered from shale instead of glacial till. Unlike Edgeley, 
Kloten, and Walsh soils, it has a B2t horizon. 


Cavour clay loam, shaly variant, 3 to 6 percent slopes 
(Cp8)—This soil is on the lower slopes of shale out- 
crops along the Sheyenne River Valley. 

Included with this soil in mapping are small areas 
of Edgeley, Kloten, and Walsh soils, small areas where 
the soils have slopes of as much as 12 percent, and 
areas where the soils have a surface layer that is hard 
and cloddy when dry and sticky when wet because 
some of the dense subsoil has been mixed with the 
surface and subsurface layers. 

Surface runoff is medium. The hazard of soil blow- 
ing is slight. 

Most areas of this soil are used for pasture, but 
some are cultivated along with the adjoining soils. 
This soil is better suited to salt-tolerant grasses than 
to most other uses. Growth of crops is reduced because 
of the dense subsoil that limits root growth, permea- 
bility, and the high content of salt. Capability unit 
VIs—6p; windbreak suitability group 9. 


Claire Series 


The Claire series consists of deep, nearly level to 
gently undulating, excessively drained soils that 
formed in coarse-textured glaciofluvial deposits. These 
soils are on glacial outwash plains. 

In a representative profile the surface layer is dark- 
gray loamy coarse sand about 8 inches thick. The 
transitional. layer between the surface layer and the 
substratum is dark grayish-brown coarse sand about 
6 inches thick. The substratum is 46 inches thick. The 
upper 5 inches is dark grayish-brown loose coarse sand. 
The next 29 inches is grayish-brown coarse sand. The 
lower 12 inches is mottled, light-gray fine sand. 

Permeability is rapid, and the available water ca- 
pacity is very low. The organic-matter content is low, 
and fertility is very low. 

These soils are suited to grain crops, grasses, and 
legumes where they are nearly level and their surface 
layer is coarse sandy loam or finer. Where they are 
not nearly level or where their surface layer is coarser 
than coarse sandy loam, these soils are best suited to 
grasses. 

Representative profile of Claire loamy coarse sand, 
0 to 8 percent slopes, in a cultivated field, 670 feet 
north and 100 feet west of the southeast corner of the 
Swi, sec. 2, T. 150 N., R. 68 W., Eddy County: 


Ap—0 to 8 inches, dark-gray (10YR 4/1) loamy coarse 
sand, black (1LOYR 2/1) moist; very weak, fine, 
subangular blocky structure parting to single 
grained; loose, very friable, slightly sticky and 
nonplastic; common roots; neutral; abrupt, smooth 
boundary. 

AC—8 to 14 inches, dark grayish-brown (10YR 4/2) coarse 
sand, very dark grayish brown (10YR 38/2) moist; 
weak, very coarse, prismatic structure parting to 
single grained; loose, very friable, slightly sticky 
and nonplastic; few roots; neutral; clear, wavy 
boundary. 

to 19 inches, dark grayish-brown (10YR 4/2) 

coarse sand, very dark grayish brown (10YR 3/2) 

moist; single grained; loose, nonsticky and non- 

plastic; few roots; neutral; clear, wavy boundary. 

C2—19 to 48 inches, grayish-brown (10YR 5/2) coarse 
sand, dark grayish brown (10YR 4/2) moist; 
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single grained; loose, nonsticky and nonplastic; 
mildly alkaline; abrupt, smooth boundary. 

C3—48 to 60 inches, light-gray (10YR 7/1) fine sand, dark 
grayish brown (2.5¥ 4/2) moist; common, me- 
dium, distinet, dark reddish-gray (5YR 4/2, 
moist) mottles; single grained; loose, nonsticky 
and nonplastic; slightly effervescent; moderately 
alkaline. 


The A horizon vanges from 4 to 10 inches in thickness, 
It is dark-gray or very dark gray loamy coarse sand, 
loamy sand, coarse sandy loam, or sandy loam. The AC 
horizon ranges from 6 to 10 inches in thickness. It is loamy 
coarse sand, loamy sand, or coarse sand. The C horizon is 
grayish brown, dark grayish brown, or light gray. Typi- 
eally, it is coarse sand, but stratified coarse, medium, or 
fine sand with some strata of gravel are present in places. 
Most profiles are noncalcareous above a depth of 3 feet 
and slightly calcareous below that, but some profiles are 
noncalcareous throughout. 

Claire soils are adjacent to Hamar, Lohnes, and Maddock 
soils in.many places. Unlike Hamar soils, they lack mottling 
below the A horizon. They have a thinner A horizon than 
Lohnes soils. They formed in coarser sands than Maddock 
soils. 


Claire loamy coarse sand, 0 to 3 percent slopes (CrA). 
—This soil is on outwash plains. It has the profile 
described as representative of the series. 

Included with this soil in mapping are small areas 
of Maddock soils in positions similar to those of Claire 
soils. Also included are areas of Serden soils on the 
summit of undulations, areas of Lohnes soils in con- 
cave positions, and areas of Hamar soils in shallow 
swales. This soil has been reworked to some extent by 
soil blowing in some areas. 

Surface runoff is very slow because of the rapid 
permeability of this soil. The hazard of soil blowing 
is very severe. 

Most areas of this soil are cultivated, but some areas 
are used for pasture and hay. This soil is better suited 
to grasses than to most other uses. Soil blowing and 
droughtiness caused by the very low available water 
capacity are the main concerns of management. Ca- 
pability unit Vles-2; windbreak suitability group 10. 

Claire loamy coarse sand, 3 to 6 percent slopes (CrB). 
—This soil is on outwash plains. 

Included with this soil in mapping are small areas 
of Maddock soils in positions similar to those of Claire 
soils. Also included are areas of Serden soils on sum- 
mits and shoulder slopes, areas of Lohnes soils on 
foot slopes and toe slopes, and areas of Hamar soils 
in shallow swales. This soil has been reworked to some 
extent by soil blowing in some areas. 

Surface runoff is very slow because of the rapid 
permeability of this soil. The hazard of soil blowing 
is very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is better suited to 
grasses than to most other uses. Soil blowing and 
droughtiness caused by the very low available water 
capacity are the main concerns of management. Ca- 
pability unit VIes—2; windbreak suitability group 10. 

Claire coarse sandy loam [(Cs)—This soil is nearly 
level and is on outwash plains. It has a profile similar 
to the one described as representative of the series, but 
the surface layer is coarse sandy loam. 

Included with this soil in mapping are small areas of 
Maddock soils in positions similar to those of Claire 
soils, Also included are areas of Serden soils on sum- 
mits and shoulder slopes, areas of Lohnes soils on foot 


slopes, toe slopes, and in concave positions, and areas 
of Hamar soils in shallow swales. This soil has been re- 
worked to some extent by soil blowing in some areas. 
Areas where the slopes are 8 to 6 percent are included 
and make up about 20 percent of the acreage. 

Surface runoff is very slow because of the rapid per- 
meability of this soil. The hazard of soil blowing is 
very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is better suited to 
grasses and legumes than to most other uses, and are 
less suited to grain crops. Soil blowing and droughti- 
ness caused by the very low available water capacity 
are the main concerns of management. Capability unit 
TVe-8; windbreak suitability group 10. 

Claire-Lohnes-Hamar loamy coarse sands (Ct)—Soils 
of this gently undulating, wind-hummocked mapping 
unit are on outwash plains. Hamar soils have a profile 
similar to the one described as representative of the 
series, but they formed in coarser sands. Claire soils, 
on the convex slopes, make up about 40 percent of the 
mapping unit; Lohnes soils, on lower concave slopes, 
make up about 25 percent; and Hamar soils, in concave 
depressions, make up about 20 percent. 

Included with these soils in mapping are small areas 
of Serden soils on the summits of undulations, areas of 
Maddock soils on the convex slopes, and areas of Hecla 
soils on the concave slopes. Also included are areas of 
Arveson, Fossum, Venlo, and Wyrene soils in swales. 
The soils of this mapping unit have been reworked by 
soil blowing. 

Surface runoff is very slow because of the rapid 
permeability of these soils. The hazard of soil blowing 
is very severe. 

Most areas of this mapping unit ave in pasture and 
hay, but some are cultivated along with the adjoining 
soils. The soils are better suited to grasses than to most 
other uses. Soil blowing and droughtiness caused by 
the very low available water capacity are the main con- 
cerns of management. Capability unit Vles—2; Claire 
soil is in windbreak suitability group 10, Lohnes soil is 
in windbreak suitability group 7, Hamar soil is in 
windbreak suitability group 2. 


Clontarf Series 


The Clontarf series consists of moderately deep, 
nearly level, moderately well drained soils that formed 
in moderately coarse textured glaciofluvial deposits 
overlying coarse textured glaciofluvial deposits. These 
soils are on glacial outwash plains. 

In a representative profile the surface layer is sandy 
loam about 13 inches thick that is very dark gray in 
the upper 7 inches and very dark grayish brown in the 
lower 6 inches. The subsoil is dark grayish-brown, 
friable sandy loam about 7 inches thick. The substra- 
tum is 40 inches thick. The upper 6 inches is grayish- 
brown sandy loam that contains an accumulation of 
lime. The next 10 inches is grayish-brown medium 
sand. The next 16 inches is brown medium sand. The 
lower 8 inches is gray sand and gravel. 

Permeability is moderately rapid, and the available 
water capacity is low. The organic-matter content is 
moderate, and fertility is medium. 
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These soils are suited to small grains, grasses, and 
legumes. 

Representative profile of Clontarf sandy loam, in a 
cultivated field, 200 feet south and 150 feet west of the 
northeast corner of sec, 27, T. 149 N., R. 65 W., Eddy 
County: 


Ap—0 to 7 inches, very dark gray (10YR 3/1) sandy 
loam, black (10YR 2/1) moist; weak, medium, 
granular structure; slightly hard, friable, slightly 
sticky and slightly plastic; many roots; slightly 
acid; abrupt, smooth boundary. 

A1—7 to 18 inches, very dark grayish-brown (10YR 3/2) 
sand loam, very dark brown (10YR 2/2) moist; 
weak, medium, subangular blocky structure part- 
ing to weak, medium, granular; slightly hard, fri- 
able, slightly sticky and slightly plastic; common 
voots; few pebbles as large as 4 millimeters; 
slightly acid; gradual, smooth boundary. 

B2—18 to 20 inches, dark grayish-brown (10YR 4/2) sandy 
loam, very dark grayish brown (10YR 3/2) 
moist; weak, medium, prismatic structure parting 
to weak, medium, subangular blocky; slightly 
hard, friable, slightly sticky and slightly plastic; 
few roots; few pebbles as large as 4 millimeters; 
neutral; gradual, wavy boundary. 

Cea—20 to 26 inches, grayish-brown (2.5Y 5/2) sandy 
loam, dark grayish brown (2.5Y 4/2) moist; weak, 
medium, prismatic structure parting to weak, 
medium, subangular blocky; slightly hard, friable, 
slightly sticky and slightly plastic; few pebbles 
as large as 4 millimeters; strongly effervescent; 
mildly alkaline; clear, wavy boundary. 

IIC1—26 to 36 inches, grayish-brown (10YR 5/2) medium 
sand, dark grayish brown (10YR 4/2) moist; 
single grained; loose, nonsticky and nonplastic; 
slightly effervescent; mildly alkaline; gradual, 
wavy boundary. 

IIC2—86 to 52 inches, brown (10YR 5/3) medium sand, 
dark grayish brown (10YR 4/2) moist; single 
grained; loose, nonsticky and nonplastic; slightly 
effervesecent; mildly alkaline; gradual, wavy 
boundary. 

TIC38—52 to 60 inches, gray (10YR 6/1) sand and gravel, 
grayish brown (10YR 5/2) moist; single grained; 
loose, nonsticky and nonplastic; strongly efferves- 
cent; mildly alkaline. 


Depth to the IIC horizon ranges from 20 to 40 inches. 
The A horizon ranges from 12 to 18 inches in thickness. 
It is very dark gray, dark-gray, or very dark grayish- 
brown sandy loam or fine sandy loam. The B horizon ranges 
from 6 to 12 inches in thickness. It is sandy loam or fine 
sandy loam. The Cca horizon ranges from 0 to 12 inches 
in thickness. It is sandy loam or fine sandy loam. The IIC 
horizon is medium-textured sand or sand; most profiles have 
a layer of sand and gravel below a depth of 50 inches. 

Clontarf soils are adjacent to Embden, Lohnes, and 
Osakis soils in many places. They have a profile similar to 
those of Embden and Osakis soils. Unlike Embden soils, 
they have medium-textured sand or sand within 40 inches 
of the surface. They have a B horizon, which Lohnes soils 
lack. They have a thicker A horizon than Osakis soils and 
Bee mottles in the B horizon that are typical of Osakis 
soils, 


Clontarf sandy loam (Cu)—This soil is nearly level 
and is on outwash plains. 

Included with this soil in mapping are small areas of 
Embden, Lohnes, and Osakis soils in positions similar 
to those of Clontarf soils. Also included are small, 
gently sloping areas. 

Surface runoff is slow. The hazard of soil blowing is 
very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing is the main 


concern of management. Capability unit IIIle-3; wind- 
break suitability group 1. 


Coe Series 


The Coe series consists of very shallow, nearly level 
to steep, excessively drained soils that formed in 
medium-textured or moderately coarse textured glacio- 
fluvial deposits. These soils are on glacial outwash 
plains, 

In a representative profile the surface layer is dark- 
gray sandy loam about 6 inches thick (fig. 8). The 
substratum is light brownish-gray and gray, loose, 
shaly loamy coarse sand and gravel in the upper 10 
inches and light brownish-gray and gray shaly coarse 
sand and gravel in the lower 44 inches. 

Permeability is very rapid, and the available water 
capacity is very low. The organic-matter content is 
moderately low, and fertility is low. 

These soils are suited to grasses. 

Representative profile of Coe sandy loam, 6 to 25 
percent slopes, in a pasture, 1,120 feet south and 200 
feet east of the northwest corner of sec. 20, T. 150 
N., R. 60 W., Nelson County: 


Al—0O to 6 inches, dark-gray (1LOYR 4/1) sandy loam, 


black (10YR 2/1) moist; weak, fine, subangular 
blocky structure parting to moderate, fine, granu- 


Figure 8.—Profile of Coe sandy loam, a very shallow, excessively 
drained soil. The substratum is 40 percent shaly gravel. 
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lar; soft, friable, slightly sticky and slightly plas- 
tic; many roots; 15 to 25 percent fine shale gravel; 
slightly effervescent; mildly alkaline; clear, wavy 
boundary. 
to 16 inches, light brownish-gray and gray 
(2.5Y 6/2 and 6/1) shaly loamy coarse sand and 
gravel, dark grayish brown (2.5Y 4/2) moist; 
single grained; loose, nonsticky and nonplastic; 
common roots in upper part and few roots in lower 
part; most of the gravel is platy and rounded 
fragments of shale; thin lime coatings on bottom 
of pebbles; strongly effervescent; moderately al- 
kaline; gradual, wavy boundary. 
1IC2—-16 to 60 inches, light brownish-gray and gray (2.5Y 
6/2 and 5Y 6/1) shaly coarse sand and gravel, 
dark gray and dark grayish brown (N 4/0 and 
2.5Y 4/2) moist; single grained; loose, nonsticky 
and nonplastic; sand and gravel largely composed 
of fragments of shale; strongly effervescent to a 
depth of 30 inches and slightly effervescent to a 
depth of 48 inches; moderately alkaline. 


IICi—6 


The A horizon ranges from 5 to 10 inches in thickness. 
It is dark-gray or very dark gray sandy loam, loam, or 
gravelly loam. The JIC horizons are typically stratified 
shaly sand and gravel, but they contain a layer of granitic 
sand and gravel in places. In most places lime coats the 
underside of pebbles in one or more of the JIC horizons, 
but some horizons lack lime. 

Coe soils are adjacent to Binford, Brantford, and Sioux 
soils in many places. They lack a B horizon, which is a 
characteristic of Binford and Brantford soils. They are 
underlain by shaly deposits, unlike Sioux soils, which are 
underlain by granitic deposits. 


Coe sandy loam, 0 to 6 percent slopes (CvB)—This 
soil is on low ridges and slopes adjacent to depressions 
and drainageways on outwash plains. The content of 
gravel in the substratum is 40 percent or more by 
volume. 

Included with this soil in mapping are small areas of 
Sioux soils in positions similar to those of Coe soils. 
Also included are areas of Binford and Brantford 
soils on foot slopes and toe slopes, small areas of Coe 
soils that have a substratum of sand containing less 
than 40 percent gravel by volume, and small areas of 
soils that have a surface layer of gravelly loam or Joam. 
Soils that have a lighter colored surface layer are 
common in cultivated areas. 

Surface runoff is very slow because of the very rapid 
permeability of this soil. The hazard of soil blowing is 
very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is better suited to 
grasses than to most other uses, but it is suited to 
close-growing grain crops and legumes if protective 
measures are used. Surface runoff, soil blowing, and 
droughtiness caused by the very low available water 
capacity are the main concerns of management. Ca- 
pability unit VIs-3; windbreak suitability group 10. 

Coe sandy loam, 6 to 25 percent slopes (CvD).—This 
soil is on slopes adjacent to depressions and drainage- 
ways on outwash plains. It has the profile described as 
representative of the series. The content of gravel in 
the substratum is 40 percent or more by volume. 

Included with this soil in mapping are small areas of 
Sioux soils in positions similar to those of Coe soils. 
Also included are Binford soils and Brantford soils on 
the lower part of back slopes, Vang soils on foot slopes, 
Gardena soils on toe slopes, and Tolna soils and Tonka 
soils in depressions that are identified on the soil map 
by a diamond symbol. Some small areas of Coe soils 


have a substratum of sand that contains less than 40 
percent gravel by volume. Soils that have a lighter 
colored surface layer are common on the slopes in culti- 
vated areas. 

Surface runoff is rapid to very rapid, and water 
ponds in depressions. The hazard of soil blowing is 
very severe. 

Most areas of this soil are used for pasture, but some 
are cultivated along with the adjoining soils. This soil 
is suited to grasses. Surface runoff, soil blowing, and 
droughtiness caused by the very low available water 
capacity are the main concerns of management. Capa- 
bility unit VIIs-38; windbreak suitability group 10. 


Colvin Series 


The Colvin series consists of deep, nearly level, 
poorly drained and very poorly drained, calcareous 
soils that formed in moderately fine textured glacio- 
fluvial deposits. These soils are in depressions on gla- 
cial outwash plains. 

In a representative profiic the surface layer is silty 
clay loam about 16 inches thick. It is dark gray in the 
upper 8 inches, and it is gray and contains an accumu- 
lation of lime in the lower 8 inches. The substratum 
contains an accumulation of lime in the upper 23 
inches and is 44 inches thick. The upper 11 inches is 
light-gray, friable silty clay loam. The next 8 inches is 
white silty clay loam. The next 5 inches is light-gray 
silty clay loam. The next 12 inches is mottled, light- 
gray sandy clay loam. The next 4 inches is mottled, 
light yellowish-brown, stratified coarse sand, silt loam, 
and silty clay loam. The lower 12 inches is mottled, 
light brownish-gray sandy clay loam. 

Permeability is moderately slow, and the available 
water capacity is high. The organic-matter content is 
high, and the fertility level is medium. The water table 
is within 3 feet of the surface most of the year and at 
or near the surface in spring and early in summer in 
poorly drained areas; it is closer to the surface for 
longer periods in very wet areas. Drains are difficult to 
install because outlets generally are not available. 

These soils are suited to grasses and, when drained, 
to grain crops and legumes. 

Representative profile of Colvin silty clay loam, very 
wet, in a cultivated field, 1,300 feet north and 900 feet 
east of the southwest corner of the NW, sec. 17, T. 
149 N., R. 58 W., Nelson County: 


Ap—0 to 8 inches, dark-gray (2.5Y 4/1) silty clay loam, 
very dark gray (2.5Y 3/1) moist; weak, medium, 
blocky structure parting to moderate, medium, 
granular; soft, friable, sticky and plastic; many 
roots; violently effervescent; neutral; abrupt, 
smooth boundary. 

Al2ca—8 to 16 inches, gray (N 6/0) silty clay loam, dark 
gray (2.5Y 4/1) moist; weak, medium and fine, 
subangular blocky structure; slightly hard, friable, 
sticky and plastic; common roots; violently effer- 
vescent; mildly alkaline; clear, wavy boundary. 

Cleag—16 to 27 inches, light-gray (5Y 7/1) silty clay 
loam, gray (5Y 5/1) moist; weak, coarse, pris- 
matic structure parting to moderate, fine, sub- 
angular blocky; slightly hard, friable, sticky and 
plastic; few roots; few pebbles as large as 5 mil- 
limeters; violently effervescent; mildly alkaline; 
clear, smooth boundary. 

C2cag—27 to 35 inches, white (5Y 8/1) silty clay loam, 
olive gray (5Y 5/2) moist; weak, coarse, pris- 
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matic structure parting to moderate, coarse and 
medium, subangular blocky structure; slightly 
hard, friable, sticky and plastic; few pebbles ar 
large as 5 millimeters; violently effervescent; 
mildly alkaline; clear, wavy boundary. 

C8cag—85 to 40 inches, light-gray (5Y 7/2) silty clay 
loam, olive gray (5Y 5/2) moist; weak, coarse 
and medium, subangular blocky structure; hard, 
friable, sticky and plastic; few pebbles as large as 

5 millimeters; violently effervescent; mildly al- 
kaline; clear, smooth boundary. 

C4g—d40 to 48 inches, light-gray (5Y 7/1) sandy clay loam, 
olive (5Y 5/3) moist; common, distinct, yellowish- 
brown (10YR 5/6, moist) and dark yellowish- 
brown (10YR 4/4, moist) mottles; massive; hard, 
friable, sticky and plastic; common pebbles as 
large as 5 millimeters; strongly effervescent; neu- 
tral; clear, smooth boundary. 

C5g——48 to 52 inches, light-gray (SY 7/1) sandy clay loam, 
olive gray (5Y 5/2) moist; common, medium, dis- 
tinct, yellowish-brown (10YR 5/6, moist) and 
dark yellowish-brown (10YR 4/4, moist) mottles; 
massive; hard, friable, sticky and plastic; com- 
mon pebbles as large as 5 millimeters; slightly 
effervescent and strongly effervescent; mildly al- 
kaline; clear, smooth boundary. 

C6g—52 to 56 inches, light yellowish-brown (10YR 6/4) 
stratified coarse sand, silt loam, and silty clay 
loam, dark yellowish brown (10YR 4/4) moist; 
common, distinct, olive-gray (5Y 4/2, moist) mot- 
tles; massive; slightly hard, friable, slightly sticky 
and slightly plastic; common pebbles as large as 
10 millimeters; slightly effervescent; neutral; 
clear, smooth boundary. 

C7g—56 to 60 inches, light brownish-gray (2.5Y 6/2) 
sandy clay loam, dark grayish brown (2.5Y 4/2) 
moist; common, distinct, brownish-yellow (10YR 
6/6, moist) and dark yellowish-brown (10YR 4/4, 
moist) mottles; massive; hard, friable, sticky and 
plastic; common pebbles as large as 10 millimeters; 
slightly effervescent; neutral. 


The A horizon ranges from 6 to 16 inches in thiekness, 
but typically is 7 to 14 inches thick. It is very dark gray, 
dark-gray, or gray silt loam or silty clay loam. The 
horizon typically is caleareous and has an accumulation of 
lime in the lower part, but it is noncalcareous in places. 
The Cca horizon ranges from 6 to 30 inches in thickness, 
but typically is 6 to 20 inches thick. It is light-gray or 
white silty clay loam or clay loam that has moderate or 
weak prismatic structure parting to moderate or weak 
blocky structure. The C horizon is mottled, light gray, 
light olive gray, light brownish gray, and light yellowish 
brown. The upper part of the C horizon is silty clay loam 
or clay loam, but some profiles have sandy clay loam and 
stratified sand and gravel below a depth of about 40 inches 
as in the representative profile. Segregations of salt and 
gypsum crystals are in the A horizon and Cea horizons 
in some places. A few places have an organic surface 
layer as much as 5 inches thick. 

Colvin soils have a profile similar to that of Bearden, 
Borup, and Marysland soils. They are more poorly drained 
than Bearden soils. They contain more clay between depths 
of 10 and 40 inches than Borup and Marysland soils. 


Colvin silty clay loam (Cw)——This soil is nearly level 
and is in depressions on glacial outwash plains. 

Included with this soil in mapping are small areas of 
Marysland soils in landscape positions similar to those 
of Colvin soils, some very wet Colvin soils and Marys- 
land soils in lower landscape positions, and Bearden 
soils in slightly higher landscape positions. Microrelief 
is hummocky in some places, and a few small areas are 
saline. Some soils have a surface layer of silt loam. 

Surface runoff is very slow, and water ponds in 
low places. The hazard of soil blowing is severe. 

Most areas of this soil are used for pasture and hay, 
but some are cultivated along with adjoining better 


drained soils. Tillage is often delayed because of wet- 
ness. This soil is suited to grasses and, where drained, 
to grain crops and legumes. Wetness and soil blowing 
are the main concerns of management. Capability unit 
Ilw-4L; windbreak suitability group 2. 

Colvin silty clay loam, saline (Cx}—This soil is nearly 
level and is in depressions on glacial outwash plains. It 
has a profile similar to the one described as representa- 
tive of the series, but it contains soluble salts that 
adversely affect plant growth. 

Included with this soil in mapping are small areas 
of nonsaline Colvin soils and Marysland soils in land- 
scape positions similar to those of saline Colvin soils. 
Also included are very wet Colvin soils and Marysland 
soils in lower landscape positions and Bearden soils in 
slightly higher landscape positions. The microrelief is 
hummocky in some places. Some soils have a surface 
layer of silt loam. 

Surface runoff is very slow, and water ponds in low 
places. The hazard of soil blowing is severe. 

Most areas of this soil are used for pasture and hay, 
but some are cultivated along with the adjoining better 
drained soils. Tillage is often delayed because of wet- 
ness. This soil is suited to salt-tolerant grasses and, 
where drained, to salt-tolerant grain crops and le- 
gumes. Wetness and soil blowing are the main concerns 
of management. Capability unit I[Iws—4L; windbreak 
suitability group 10. 

Colvin silty clay loam, very wet (Cy)—This soil is 
nearly level and is in depressions on glacial outwash 
plains and in outwash channels. It has the profile de- 
scribed as representative of the series. 

Included with this soil in mapping are small areas of 
saline Colvin soils and Marysland soils in positions 
similar to those of Colvin soils, very wet. Also included 
are Bearden soils in slightly higher positions. Slough 
grasses, sedges, and rushes make up most of the vege- 
tation. The water table is at or near the surface during 
nearly all the growing season in most years. Hum- 
mocky microrelief is common in most areas, Some soils 
have a surface layer of silt loam. 

Runoff ponds in most areas. This soil is not subject 
to soil blowing in its native condition, but if it is 
drained and the grass is destroyed by cultivation the 
hazard of soil blowing is severe. 

This soil is used for hay and pasture. It is suited to 
grasses. Wetness is the main concern of management. 
Capability unit Vw-8; windbreak suitability group 
10. 


Cresbard Series 


The Cresbard series consists of deep, nearly level, 
moderately well drained claypan soils that formed in 
medium-textured and moderately fine textured glacial 
till. These soils are on glacial till plains. 

In a representative profile the surface layer is gray 
loam about 5 inches thick. The subsurface layer is 
gray silt loam about 2 inches thick. The subsoil is firm 
clay loam about 17 inches thick. The upper 6 inches is 
very dark gray, the next 5 inches is dark gray, and the 
lower 6 inches is very dark gray and contains an aec- 
cumulation of lime and gypsum crystals. The substra- 
tum is 36 inches thick. The upper 12 inches is gray clay 
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loam that contains an accumulation of lime. The next 
6 inches is mottled, gray loam. The lower 18 inches is 
mottled, light yellowish-brown loam. 

Permeability is slow, and the available water ca- 
pacity is high. The organic-matter content is high, and 
fertility is medium. The dense subsoil layer and the 
salts in the lower part of the subsoil limit root growth 
and water penetration. The water table is within 5 feet 
of the surface most of the year and at or near the 
surface in spring and early in summer. A _ perched 
water table forms just above the dense subsoil during 
periods of heavy rainfall. Tillage is often delayed in 
spring because of wetness. 

These soils are suited to grain crops and grasses, 
but they are poorly suited to legumes. 

Representative profile of Cresbard loam, in an area 
of Cresbard-Cavour loams, in a cultivated field, 1,150 
feet north and 200 feet west of the southeast corner of 
sec. 82, T. 150 N., R. 59 W., Nelson County: 


Ap—0 to 5 inches, gray (10YR 5/1) loam, black (1LOYR 
2/1) moist; weak, medium and fine, subangular 
blocky structure parting to moderate, medium, 
granular; slightly hard, friable, slightly sticky and 
slightly plastic; many roots; slightly acid; abrupt, 
smooth boundary. 

A2—5 to 7 inches, gray (2.5Y 6/1) silt loam, very dark 
gray (2.5Y 3/1) moist; moderate, medium, platy 
structure; slightly hard, very friable, slightly sticky 
and slightly plastic; common roots; neutral; abrupt, 


smooth boundary. 
to 18 inches, very dark gray (10YR 3/1) clay 
loam, black (10YR 2/1) moist; moderate, coarse 
and medium, columnar structure parting to strong, 
medium and fine, angular blocky; hard, firm, sticky 
and very plastic; few roots; distinct continuous 
clay films on faces of columns; neutral; clear, 
smooth boundary. 

B22t—13 to 18 inches, dark-gray (2.5Y 4/1) clay loam, 
black (2.5Y 2/1) moist; moderate, coarse and me- 
dium, prismatic structure parting to moderate, 
medium, angular blocky; hard, firm, sticky and 
plastic; few roots; distinct continuous clay films 
on faces of prisms; mildly alkaline; clear, wavy 
boundary. 

B28ca—18 to 24 inches, very dark gray (2.5Y 3/1) clay 
loam, black (2.5Y 2/1) moist; moderate, coarse, 
prismatic structure parting to moderate, medium, 
angular blocky; hard, firm, sticky and_ plastic; 
distinct patches of clay films on faces of prisms; 
few pebbles as large as 10 millimeters; common 
segregations of lime and nests of gypsum crystals; 
strongly effervescent and violently effervescent; 
mildly alkaline; clear, wavy boundary. 

Clca—24 te 36 inches, light-gray (2.5Y 7/1) clay loam, 
light brownish gray (2.5Y 6/2) moist; weak, 
coarse, prismatic structure parting to strong, fine, 
angular blocky; hard, friable, sticky and plastic; 
few pebbles as large as 10 millimeters; violently 
effervescent; moderately alkaline; clear, smooth 
boundary. 

C2—36 to 42 inches, gray (2.5Y 6/1) loam, gray (2.5Y 

5/1) moist; common, fine, distinet, yellowish-brown 

(10YR 5/6, moist) mottles: moderate, medium 

and fine, angular blocky structure; hard, friable, 

slightly sticky and plastic; few pebbles as large 
as 10 millimeters; violently effervescent; mod- 
erately alkaline; clear, smooth boundary. 

to 56 inches, light yellowish-brown (2.5Y 6/4) 

loam, light olive brown (2.5Y 5/4) moist; common, 

fine, distinct, gray (2.5Y 5/1, moist) and yellowish- 
red (5YR 5/6, moist) mottles; massive; hard; 
friable, slightly sticky and slightly plastic; few 
pebbles as large as 10 millimeters; strongly effer- 
vescent; moderately alkaline; gradual, wavy bound- 


ary. 
C4—56 to 60 inches, light yellowish-brown (2.5Y 6/4) 


B21t—7 


C38—42 


loam, light olive brown (2.5Y 5/4) moist; com- 
mon, fine, distinct, gray (2.5Y 5/1, moist) and 
brownish-yellow (10YR 6/6, moist) mottles; mas- 
sive; hard, friable, slightly sticky and slightly 
plastic; few pebbles as large as 10 millimeters; 
slightly effervescent; mildly alkaline. 


The Al horizon ranges from 4 to 8 inches in thickness. 
It is gray, dark-gray, or very dark gray loam or silt loam. 
In some profiles the Ap horizon is clay loam or silty clay 
loam where deep tillage has mixed part of the B2 horizon 
with the Al and A2 horizons, The A2 horizon ranges from 
1 to 5 inches in thickness. [t is light-gray or gray loam 
or silt loam. The B2 horizon ranges from 8 to 18 inches in 
thickness. It is very dark gray or dark-gray clay loam or 
silty clay loam. It has strong or moderate, columnar, or 
prismatic structure that parts to strong or moderate, 
blocky structure. The lower part of the B horizon in most 
places has an accumulation of lime, gypsum, and other salts. 
The Ceca horizon is clay loam or loam; some profiles lack 
this horizon. The C horizons below the Ceca horizon are 
mottled, light-gray, gray, or light yellowish-brown loam or 
clay loam. Accumulations of gypsum and other segrega- 
tions of salt are in the upper part of the C horizon in 
places. 

Cresbard soils are adjacent to Cavour, Hamerly, and 
Svea soils in many places. They have a profile similar to 
that of Cavour soils. They have thicker combined Al and 
A2 horizons than Cavour soils. They have a claypan B2t 
horizon which Hamerly and Svea soils lack. 

Cresbard-Cavour loams {Cz)—Soils of this mapping 
unit are nearly level and are on glacial till plains. 
Cresbard soils have the profile described as representa- 
tive of the series. Cresbard soils make up about 45 
percent of the mapping unit, and Cavour soils, in 
slightly lower positions, make up about 35 percent. 

Included with these soils in mapping are small areas 
of Hamerly soils and Svea soils in slightly higher po- 
sitions and areas of Vallers soils around the edges of 
depressions that are identified on the soil map by a 
diamond symbol. Tonka soils and Parnell soils are in 
the depressions, In some cultivated areas the surface 
layer is clay loam or silty clay loam that is hard and 
cloddy when dry and sticky when wet because some of 
the dense subsoil has been mixed with the surface and 
subsurface layers. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is slight. 

Most areas of this mapping unit are cultivated, but 
some are used for pasture and hay. The soils are suited 
to salt-tolerant grain crops and grasses ; they are poorly 
suited to legumes. Growth of most crops is reduced 
because of the dense subsoil, slow permeability, and the 
high content of salt. Wetness and maintenance of good 
soil tilth in cultivated areas are the main concerns of 
management. Capability unit IIs—6P; Cresbard soil 
is in windbreak suitability group 4, Cavour soil is in 
windbreak suitability group 9. 


Dickey Series 


The Dickey series consists of deep, nearly level to 
gently rolling, well-drained soils that formed in coarse 
deposits underlain by glacial till. These soils are on 
sand-mantled glacial till plains. These soils are mapped 
only with Hecla, Maddock, and Towner soils in this 
survey area (fig. 9). 

In a representative profile the surface layer is dark- 
gray fine sandy loam about 6 inches thick. The next 
layer is dark grayish-brown, very friable loamy fine 
sand about 18 inches thick. The substratum is 36 
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Figure 9.—Profile of Dickey fine sandy loam, a deep, well- 
drained soil that formed in coarse-textured deposits underlain by 
glacial ull. 


inches thick. The upper 6 inches is yellowish-brown 
loam. The next 18 inches is light-gray loam that con- 
tains an accumulation of lime. The lower 12 inches is 
mottled, pale-yellow loam. 

Permeability is rapid in the surface layers and sub- 
soil and moderately slow in the substratum. The avail- 
able water capacity is moderate. The organic-matter 
content is moderate, and fertility is medium. A perched 
water table is above the glacial till substratum during 
periods of heavy rainfall. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Dickey fine sandy loam, 
in an area of Hecla-Dickey fine sandy loams, 3 to 6 
percent slopes, in a cultivated field, 100 feet north and 
1,250 feet east of the southwest corner of the NW1,, 
sec. 18, T. 148 N., R. 68 W., Eddy County: 


Ap—0 to 6 inches, dark-gray (10YR 4/1) fine sandy loam, 
black (10YR 2/1) moist; moderate, fine, subangu- 
lar blocky structure; slightly hard, very friable, 
slightly sticky and slightly plastic; many roots; 
slightly acid; clear, smooth boundary. 

Ac—6 to 24 inches, dark grayish-brown (10YR 4/2) 
loamy fine sand, very dark grayish brown (10YR 
8/2) moist; weak, coarse, prismatic structure 
parting to weak, fine, subangular blocky and to 
single grained; soft, very friable, slightly sticky 


and slightly plastic; common roots; neutral; clear, 
wavy boundary. 

IIC1—24 to 30 inches, yellowish-brown (10YR 5/4) loam, 
dark yellowish brown (10YR 4/4) moist; mod- 
erate, medium, prismatic structure parting to 
moderate, medium, subangular blocky; hard, fri- 
able, sticky and plastic; common roots; thin patchy 
dark-brown (LOYR 3/8, moist) stains on faces of 
prisms; mildly alkaline; gradual, wavy bound- 


ary. 

IIC2ca—30 to 48 inches, light-gray (2.5Y 7/2) loam, 
light olive brown (2.5Y 5/4) moist; massive; hard, 
friable, sticky and plastic; few roots; common, 
medium, distinct, segregations of lime; strongly 
effervescent; moderately alkaline; gradual, wavy 
boundary. 

IIC3—48 to 60 inches, pale-yellow (2.5Y 7/4) loam, olive 
brown (2.5Y 4/4) moist; common, fine, prominent, 
dark-red (2.5¥ 3/5, moist) mottles; massive; 
hard, friable, sticky and plastic; strongly effer- 
vescent; moderately alkaline. 


Depth to glacial till ranges from 20 to 40 inches. The A 
horizon ranges from 6 to 15 inches in thickness. It is dark- 
gray and very dark gray fine sandy loam or sandy loam. 
The Ac horizon ranges from 8 to 18 inches in thickness. It 
is grayish-brown or dark grayish-brown loamy fine sand 
or loamy sand. Some profiles have a C horizon of yellowish- 
brown or pale-brown loamy fine sandy, loamy sand, fine 
sand, or sand that is as much as 10 inches thick. The HC 
horizon is yellowish-brown, pale-yellow, or light-gray gla- 
cial till of loam or clay loam texture. An accumulation of 
lime is in some part of the IIC horizon in most places. 

Dickey soils are adjacent to Barnes, Hecla, Heimdal, 
Maddock, and Towner soils in many places. They contain 
less clay between depths of 10 to 40 inches than Barnes 
and Heimdal soils. Unlike Hecla and Maddock soils, they 
have glacial till within 40 inches of the surface. They are 
better drained than Towner soils. 


Divide Series 


The Divide series consists of moderately deep, nearly 
level to gently sloping, somewhat poorly drained, cal- 
careous soils that formed in medium-textured glacio- 
fluvial deposits overlying coarse-textured glaciofluvial 
deposits. These soils are on glacial outwash plains and 
in outwash channels. 

In a representative profile the surface layer is loam 
about 11 inches thick that is very dark gray in the 
upper 7 inches and dark gray and light gray and con- 
tains an accumulation of lime in the lower 4 inches. 
The substratum is 49 inches thick. The upper 5 inches 
is light-gray, friable loam that contains an accumula- 
tion of lime. The 6 inches below that is mottled, light 
brownish-gray loam. The next 6 inches is mottled, 
grayish-brown medium, coarse, and very coarse sand. 
The 22 inches below that is grayish-brown medium, 
coarse, and very coarse sand. The lowermost 10 inches 
is light brownish-gray coarse and very coarse sand. 

Permeability is moderate in the surface layer and 
upper part of the substratum and very rapid in the 
lower part of the substratum. The available water ca- 
pacity is low. The organic-matter content is high, and 
fertility is medium. The water table is within 5 feet 
of the surface most of the year and just below the 
surface in spring and early in summer. Tillage is often 
delayed in spring because of wetness. 

These soils are suited to grain crops, grasses, and 
legumes except in wet areas where drainage is needed. 
Undrained, wet areas are suited to grass. 

Representative profile of Divide loam, sandy sub- 
stratum, in a cultivated field, 240 feet south and 500 
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feet east of the northwest corner of the NEY, sec. 25, 
T. 149 N., R. 67 W., Eddy County: 


Ap—0 to 7 inches, very dark gray (10YR 3/1) loam, 
black (LOYR 2/1) moist; weak, fine, crumb struc- 
ture; slightly hard, friable, slightly sticky and 
slightly plastic; many roots; slightly effervescent; 
mildly alkaline; abrupt, smooth boundary. 

ACca—7 to 11 inches, variegated dark-gray and light-gray 
(10YR 4/1 and 7/1) loam, very dark gray and 
light brownish gray (1OYR 38/1 and 6/2) moist; 
weak, coarse, prismatic structure parting to weak, 
medium, subangular blocky; slightly hard, friable, 
slightly sticky and slightly plastic; many roots; 
violently effervescent; moderately alkaline; clear, 
wavy boundary. 

Clca—11 to 16 inches, light-gray (2.5Y 7/2) loam, light 
brownish gray (2.5Y 6/2) moist; moderate, coarse, 
prismatic structure parting to moderate, medium, 
subangular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; few roots; tongues of 
Clea horizon extend to a depth of 28 inches; vio- 
lently effervescent; moderately alkaline; clear, 
irregular boundary. 

C2——16 to 22 inches, light brownish-gray (2.5Y 6/2) loam, 
light olive brown (2.5Y 5/4) moist; common, me- 
dium, distinct, light brownish-gray (2.5Y 6/2, 
moist) lime pockets and few, fine, faint, light 
yellowish-brown (2.5Y 6/4, moist) mottles; mod- 
erate, coarse, prismatic structure parting to mod- 
erate, medium, subangular blocky; slightly hard, 
friable, slightly sticky and plastic; few roots; 
more lime concentrated in lower part; violently 
effervescent; moderately alkaline; clear, wavy 
boundary. 

JIC1—22 to 28 inches, grayish-brown (2.5Y 5/2) medium, 
coarse, and very coarse sand, dark brown (10YR 
4/3) moist; common, coarse, distinct, yellowish- 
brown (10YR 5/4, moist) mottles; single grained; 
loose, nonsticky and nonplastic; strongly efferves- 
cent; moderately alkaline; gradual, wavy bound- 


ary. 

TIC2—28 4 50 inches, grayish-brown (2.5Y 5/2) medium, 
coarse, and very coarse sand, dark grayish brown 
(10YR 4/2) moist; single grained; loose, non- 
sticky and nonplastic; strongly effervescent; mod- 
erately alkaline; gradual, wavy boundary. 

IIIC1—50 to 60 inches, light brownish-gray (2.5Y 6/2) 
coarse and very coarse sand, grayish brown (2.5Y 
5/2) moist; discontinuous dark bands less than 
% inch thick in upper part of horizon; single 
grained; loose, nonsticky and nonplastic; lime 
pockets throughout sands; slightly effervescent; 
moderately alkaline. 


Depth to the sand and gravel substratum ranges from 
20 to 86 inches. The A horizon ranges from 7 to 16 inches 
in thickness. It is very dark gray, dark gray, or light gray. 
Typically, it is caleareous and has an accumulation of lime 
in the lower part, but it is noncaleareous in places. The 
Cea horizon ranges from 5 to 20 inches in thickness. It is 
light gray or gray. The C horizon ranges from 0 to 10 
inches in thickness. It is light brownish gray or light gray. 
The LIC horizon is grayish brown, light olive brown, or 
light brownish gray. Typically it is stratified granitic sand, 
but it contains a layer of shaly sand and gravel in some 
places. In most places lime coats the underside of pebbles 
in one or more of the JIC horizons. Segregations of salts 
and gypsum are in the A horizon and the Cca horizon in 
some places. Glacial till is below a depth of about 40 inches 
in places. 

Divide soils have a profile similar to those of Fram, 
Marysland, Totten, and Warsing soils. They formed in _gla- 
ciofluvial deposits rather than in glacial till as did Fram 
soils. They are better drained than Marysland soils. Unlike 
Totten and Warsing soils, they have an accumulation of 
lime in or just below the A horizon. They lack the alkaline 
B2t horizon that is characteristic of Totten soils. 


Divide loam, 0 to 3 percent slopes (DvA).—This soil 
is in slight depressions on glacial outwash plains, It 
has a profile similar to the one described as representa- 


tive of the series, but the content of gravel in the 
substratum ranges from less than 40 percent to more 
than 40 percent by volume. 

Included with this soil in mapping are small areas 
of Marysland soils in lower positions and areas of 
Renshaw soils and Warsing soils in slightly higher 
positions. Also included are soils in cultivated areas 
that have a lighter colored surface layer. 

Surface runoff is slow, and water ponds in low po- 
sitions. The hazard of soil blowing is severe. 

Most areas of this soil are cultivated; some areas 
that are adjacent to more poorly drained soils are used 
for pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Wetness, soil blowing, and 
droughtiness caused by the low available water capac- 
ity are the main concerns of management. Capability 
unit. TiIs—-4L; windbreak suitability group 1. 

Divide loam, 3 to 6 percent slopes (DvB)—This soil 
has a profile similar to the one described as representa- 
tive of the series. About 55 percent of the areas are 
on glacial outwash plains, which contain a high per- 
centage of shale in the substratum. The content of 
gravel in the substratum ranges from less than 40 
percent to more than 40 percent by volume. 

Included with this soil in mapping are small areas 
of Brantford soils and Renshaw soils in slightly higher 
positions. Also included in some cultivated areas are 
soils that have a lighter colored surface layer. 

Surface runoff is medium. The hazard of soil blow- 
ing is severe. 

Some areas of this soil are cultivated, and other 
areas are used for pasture and hay. This soil is suited 
to grain crops, grasses, and legumes, Wetness, surface 
runoff, droughtiness caused by the low available water 
capacity, and soil blowing are the main concerns of 
management. Capability unit IIIs-4L; windbreak 
suitability group 1. 

Divide loam, saline (Dw}.—This soil is nearly level 
and is in slight depressions on outwash plains. It has 
a profile similar to the one described as representative 
of the series, but the surface layer and upper part of 
the substratum contain soluble salts that adversely af- 
fect plant growth. Content of gravel in the substratum 
is less than 40 percent by volume. 

Included with this soil in mapping are small areas 
of nonsaline Divide soils and Totten soils in positions 
similar to those of saline Divide soils. Also included 
are areas of Marysland soils in lower positions, areas 
of Warsing soils in slightly higher positions, and areas 
of Divide soils where the substratum contains more 
than 40 percent gravel by volume. Soils in many cul- 
tivated areas have a lighter colored surface layer. 

Surface runoff is slow, and water ponds in low po- 
sitions. The hazard of soil blowing is severe. 

Most areas of this soil are cultivated; some areas 
that are adjacent to more poorly drained soils are 
used for pasture and hay. This soil is suited to salt- 
tolerant grasses, and if drained, it is suited to salt- 
tolerant grain crops and legumes. Wetness, salinity, 
droughtiness caused by the low available water capac- 
ity, and soil blowing are the main concerns of 
management. Capability unit I]Iws-4L; windbreak 
suitability group 10. 

Divide loam, gravelly substratum (Dx)—This soil is 
nearly level and is in slight depressions on glacial out- 
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wash plains. It has a profile similar to the one described 
as representative of the series, but the substratum 
contains more than 40 percent gravel by volume in 
most places. 

Included with this soil in mapping are small areas 
of Marysland soils in lower positions, areas of Warsing 
soils in slightly higher positions, and areas of Totten 
soils and saline Divide soils in positions similar to those 
of Divide soils. Also included are small areas of Divide 
soils that have glacial till below a depth of 40 inches 
and areas of Divide soils that have a substratum that 
has less than 40 percent gravel by volume. Soils in 
many cultivated areas have a lighter colored surface 
layer. 

Surface runoff is slow, and water ponds in low po- 
sitions. The hazard of soil blowing is severe. 

Most areas of this soil are cultivated; some areas 
that are adjacent to more poorly drained soils are used 
for pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Wetness, droughtiness caused 
by the low available water capacity, and soil blowing 
are the main concerns of management. Capability unit 
IIIs—4L; windbreak suitability group 1. 

Divide loam, sandy substratum (Dy)—This soil is 
nearly level and is in slight depressions on glacial 
outwash plains and in outwash channels. It has the 
profile described as representative of the series. Con- 
tent of gravel in the substratum is less than 40 percent 
by volume. 

Included with this soil in mapping are small areas 
of Marysland soils in lower positions, areas of Kensal 
soils and Warsing soils in slightly higher positions, 
and areas of Fram, Glyndon, Totten, and saline Di- 
vide soils in positions similar to those of Divide soils. 
Also included are small areas of Divide soils that have 
glacial till below a depth of 40 inches and areas of 
Divide soils that have a substratum that has more than 
40 percent gravel by volume. Soils in many cultivated 
areas have a lighter colored surface layer. 

Surface runoff is slow, and water ponds in low po- 
sitions. The hazard of soil blowing is severe. 

Most areas of this soil are cultivated; some areas 
that are adjacent to more poorly drained soils are used 
for pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Wetness, droughtiness caused by 
the low available water capacity, and soil blowing are 
the main concerns of management. Capability unit 
IlIs—4L; windbreak suitability group 1. 

Divide loam, till substratum (Dz)—This soil is nearly 
level and is in slight depressions on glacial outwash 
plains. It is generally adjacent to areas of glacial till. 
It has a profile similar to the one described as repre- 
sentative of the series, but glacial till is below a depth 
of 40 inches, and the content of gravel in the sub- 
stratum above the glacial till ranges from less than 
40 percent to more than 40 percent by volume. 

Included with this soil in mapping are small areas 
of Divide, Fram, and Totten soils in positions similar 
to those of Divide soils, areas of Marysland soils in 
lower positions, and areas of Warsing, Emrick, and 
Heimdal soils in slightly higher positions. Soils in 
see cultivated areas have a lighter colored surface 
ayer. 

Surface runoff is slow, and water ponds in low po- 
sitions. The hazard of soil blowing is severe. 


Most areas of this soil are cultivated; some areas 
that are adjacent to more poorly drained soils are used 
for pasture and hay. This soil is suited to grain erops, 
grasses, and legumes. Wetness, droughtiness caused by 
the low available water capacity, and soil blowing are 
the main concerns of management. Capability unit 
TIs—-4L; windbreak suitability group 1. 


Eckman Series 


The Eckman series consists of deep, nearly level to 
sloping, well-drained soils that formed in medium- 
textured glaciofluvial deposits. These soils are on 
glacial outwash and lake plains. 

In a representative profile the surface layer is about 
9 inches thick. It is dark-gray loam in the upper 6 
inches and silt loam in the lower 3 inches. The subsoil 
is grayish-brown, friable silt loam about 18 inches 
thick. The substratum is light brownish-gray silt loam. 

Permeability is moderate, and the available water 
capacity is high. The organic-matter content is high, 
and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Eckman loam, 3 to 8 per- 
cent slopes, in a cultivated field, 740 feet north and 
200 feet east of the southwest corner of see. 10, T. 
150 N., R. 65 W., Eddy County: 


Ap—0 to 6 inches, dark-gray (10YR 4/1) loam, black (10YR 
2/1) moist; moderate, fine, granular structure; 
slightly hard, friable, ‘slightly sticky and slightly 
plastic; many roots; neutral; abrupt, smooth 
boundary. 

A12—6 to 9 inches, dark-gray (10YR 4/1) silt loam, black 
(10YR 2/1) moist; moderate, fine, subangular 
blocky structure parting to moderate, fine, granu- 
lar; slightly hard, friable, slightly sticky and 
slightly plastic; many roots; neutral; gradual, 
smooth boundary. 

B21—9 to 17 inches, grayish-brown (2.5Y 5/2) silt loam, 
dark grayish brown (2.5Y 4/2) moist; weak, 
coarse and medium, prismatic structure parting 
to weak, medium, subangular blocky; slightly 
hard, friable, slightly sticky and slightly plastic; 


common roots; mildly alkaline; gradual, wavy 
boundary. 
B22—17 to 27. inches, grayish-brown (2.5Y 65/2) silt 


loam, dark grayish brown (2.5Y 4/2) moist; weak, 
medium, prismatic structure parting to weak, me- 
dium, subangular blocky; slightly hard, friable, 
slightly sticky and slightly plastic; few roots; 
slightly effervescent; mildly alkaline; gradual, 
wavy boundary. 

C1—27 to 42 inches, light brownish-gray (2.5Y 6/2) silt 
loam, grayish brown (2.5Y 5/2) moist; weak, me- 
dium, subangular blocky structure; slightly hard, 
friable, slightly sticky and slightly plastic; strongly 
effervescent; moderately alkaline; gradual, wavy 
boundary. 

C2—42 to 60 inches, light brownish-gray (2.5Y 6/2) silt 
loam, grayish brown (2.5Y 5/2) moist; massive; 
slightly hard, friable, slightly sticky and slightly 
plastic; common segregations of lime; strongly 
effervescent; moderately alkaline. 


The A horizon ranges from 7 to 10 inches in thickness. 
It is dark-gray or very dark gray loam or silt loam. The B 
horizon ranges from 8 to 18 inches in thickness. It is 
grayish-brown or dark grayish-brown loam or silt loam. It 
has moderate or weak prismatic structure that parts to 
moderate or weak angular or subangular blocky struc- 
ture. The C horizon is light brownish-gray or pale-brown 
silt loam or loam, but sand is below a depth of about 30 
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inches in some places. An accumulation of lime is in the 
upper part of the C horizon in some places. 

Eckman soils are adjacent to Gardena, Glyndon, and Zell 
soils in many places. They have a profile similar to that 
of Gardena soils, but they have a thinner A horizon. They 
lack an accumulation of lime in and directly beneath the 
A horizon, which is typical of Glyndon soils. They have 
a B horizon, which Zell soils lack. 

Eckman loam, 0 to 3 percent slopes (EaA)—This soil 
is on glacial outwash and lake plains. Included in map- 
ping are small areas of Gardena soils. 

Surface runoff is slow. The hazard of soil blowing 
is moderate. 

Practically all areas of this soil are cultivated. This 
soil is suited to grain crops, grasses, and legumes. Soil 
blowing is the main concern of management. Capa- 
bility unit Ile-5; windbreak suitability group 3. 

Eckman loam, 3 to 8 percent slopes (Ea8)—This soil 
is on glacial outwash and lake plains. It has the profile 
described as representative of the series. In about 25 
percent of the areas, slopes range from 6 to 8 percent. 

Included with this soil in mapping are small areas 
of Zell soils on summits and on shoulder slopes and 
areas of Gardena soils on lower foot slopes and toe 
slopes. 

Surtacé runoff is medium on the gentle slopes and 
rapid on the steeper slopes. The hazard of soil blow- 
ing is moderate. 

Most areas of this soil are cultivated, but some 
areas, particularly the steeper ones, are used for pas- 
ture and hay. This soil is suited to grain crops, grasses, 
and legumes. Surface runoff and soil blowing are the 
main concerns of management. Capability unit [Te—5; 
windbreak suitability group 3. 


Edgeley Series 


The Edgeley series consists of moderately deep, 
nearly level to gently undulating, well-drained soils 
that formed in medium-textured glacial till and glacio- 
fluvial deposits overlying bedded shale. These soils are 
on side slopes adjacent to the Sheyenne River Valley 
and drainageways leading to the Sheyenne River, on 
side slopes of the Sheyenne River Valley, and on high 
terraces along the Sheyenne River. 

In a representative profile the surface layer is dark- 
gray loam about 6 inches thick. The subsoil, which 
is about 26 inches thick, is very dark grayish-brown, 
very friable silt loam in the upper 9 inches and brown, 
friable silty clay loam in the lower 17 inches. Below 
this is gray, weathered and bedded shale. 

Permeability is moderate above the bedded shale, 
and the available water capacity is moderate. The 
organic-matter content is high, and fertility is me- 
dium. 

These soils are suited to grain crops, grasses, and 
legumes, 

Representative profile of Edgeley loam, in a culti- 
vated field, 1,150 feet north and 1,150 feet west of the 
southeast corner of the SW14, sec. 19, T. 149 N., R. 
58 W., Nelson County: 


Alp—0 to 6 inches, dark-gray (10YR 4/1) loam, black 
(10YR 2/1) moist; weak, medium, subangular 
blocky structure parting to moderate, medium, 
granular; slightly hard, very friable, slightly 
sticky and slightly plastic; many roots; slightly 
acid; abrupt, smooth boundary. 


Bi—6 to 15 inches, very dark grayish-brown (10YR 3/2) 
silt loam, very dark brown (10YR 2/2) moist; 
weak, coarse, prismatic structure parting to mod- 
erate, medium, subangular blocky; slightly hard, 
very friable, slightly sticky and slightly plastic; 
many roots; few fragments of shale; neutral; 
clear, smooth boundary. 

B2—15 to 32 inches, brown (10YR 5/8) silty clay loam, 
dark grayish brown (2.54Y 4/2) moist; few, fine, 
faint, light olive-brown (2.5Y 5/4, moist) mottles; 
weak, coarse, prismatic structure parting to mod- 
erate, medium and fine, subangular blocky; hard, 
friable, sticky and plastic; few roots; mildly alka- 
line; abrupt, smooth boundary. 

R—82 to 60 inches, gray (5Y 5/1) bedded shale, very 
dark gray (5Y 3/1) moist; platy structure; hard; 
segregations of lime in weathering faults; slightly 
effervescent. 


Depth to bedded shale ranges from 24 to 36 inches. The 
A horizon ranges from 5 to 9 inches in thickness. It is very 
dark gray or dark-gray loam or silt loam. The B horizon 
ranges from 6 to 26 inches in thickness. It is very dark 
grayish-brown, dark grayish-brown, grayish-brown, or 
brown loam, silt loam, clay loam, or silty clay loam that is 
mottled in the lower part in most places, and it has mod- 
erate or weak prismatic structure that parts to moderate 
or weak angular or subangular blocky structure, The C 
horizon; where present, is loam, silt loam, or silty clay loam 
as much as 26 inches thick. Pebbles and stones are com- 
mon throughout the profile above the shale. 

Edgeley soils have a profile similar to that of the Barnes 
and Svea soils and the Edgeley variant. They are near 
the Barnes soils, the Cavour variant, and the Kloten and 
Svea soils. Edgeley soils have bedded shale within a depth 
of 36 inches; Barnes and Svea soils do not. Edgeley soils 
lack the sand and gravel IIC horizon that is typical of 
the Edgeley variant. They lack the alkaline B2t horizon 
ee bans variant. They have a B horizon, which Kloten 
soils lack. 


Edgeley loam (Eb).—This soil is nearly level and is on 
side slopes adjacent to the Sheyenne River Valley and 
drainageways leading to the Sheyenne River. It has 
the profile described as representative of the series, 

Included with this soil in mapping are areas of 
Svea soils in a landscape position similar to that of 
Edgeley loam and small areas of the Edgeley variant. 
Also included are areas of Kloten soils near the edge 
of drainageways and on side slopes of the Sheyenne 
River Valley. Cobblestones and stones are on the sur- 
face in some areas. 

Surface runoff is slow. The hazard of soil blowing 
is slight. 

Most areas of this soil are cultivated, but some are 
used for pasture where they are associated with ad- 
jacent steeper soils. This soil is suited to grains, 
grasses, and legumes. Soil blowing is the main concern 
of management. Capability unit IIc-6; windbreak 
suitability group 3. 

Edgeley and Cavour loams, 3 to 6 percent slopes 
(EcB).—Soils of this mapping unit are on side slopes 
and high terraces of the Sheyenne River Valley. 

Included with these soils in mapping are small areas 
of the Cavour variant interspersed with Edgeley soils, 
areas of the Edgeley variant, and small areas of Ren- 
shaw soils that have till and shale in the lower part of 
their substratum. A few seepage areas and stones are 
common in some places. In a few places the Cavour 
soils have a clay loam surface layer that is hard and 
cloddy when dry and sticky when wet because some 
of the dense subsoil has been mixed with the surface 
and subsurface layers, 
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Surface runoff is medium, The hazard of soil blow- 
ing is slight. 

Most areas are used for pasture and hay, but some 
are cultivated along with adjoining soils. The soils are 
suited to small grains, legumes, and grasses. Growth of 
most crops is reduced on the Cavour soils because of 
the dense subsoil, slow permeability, and high salt con- 
tent. The hazard of soil blowing and maintenance of 
good tilth in cultivated areas are the main concerns of 
management. Capability unit IIIs-6P; Edgeley soil 
is in windbreak suitability group 8, Cavour soil is in 
windbreak suitability group 9. 


Edgeley Variant 


The Edgeley variant is a moderately deep, nearly 
level, well-drained soil that formed in medium-textured 
glacial till or in glaciofluvial deposits. This soil has 
a coarse substratum of granitic gravel and fragments 
of shale underlain by bedded shale. It is on side slopes 
adjacent to the Sheyenne River Valley and to drain- 
ageways leading to the Sheyenne River. 

In a representative profile the surface layer is very 
dark gray loam about 10 inches thick. The subsoil is 
grayish-brown, friable loam about 6 inches thick. The 
substratum is multicolored gravel and sand in the upper 
14 inches and light-gray and gray weathered shale 
in the lower 30 inches. 

Permeability is moderate in the surface layer and 
subsoil and rapid below the subsoil. The available 
water capacity is low. The organic-matter content is 
high, and fertility is medium. 

This soi] is suited to grain crops, grasses, and le- 
gumes. 

Representative profile of Edgeley loam, gravelly 
variant, in a cultivated field, 100 feet south and 200 
feet east of the northwest corner of the NEI, sec. 6, 
T. 149 N., R. 59 W., Nelson County: 


Ap—0 to 6 inches, very dark gray (10YR 3/1) loam, 
black (10YR 2/1) moist; moderate, coarse, sub- 
angular blocky structure parting to moderate, fine, 
granular; slightly hard, friable, slightly sticky 
and slightly plastic; many roots; few pebbles and 
fragments of shale; slightly acid; abrupt, smooth 
boundary. 

A1—6 to 10 inches, very dark gray (10YR 3/1) loam, 
black (10YR 2/1) moist; moderate, thick, platy 
structure parting to moderate, fine, subangular 
blocky; slightly hard, friable, slightly sticky and 
slightly plastic; common roots; few pebbles and 
fragments of shale; slightly acid; clear, smooth 
boundary. 

B2—10 to 16 inches, grayish-brown (10YR 5/2) loam, dark 
grayish brown (10YR 4/2) moist; moderate, 
coarse, prismatic structure parting to moderate, 
coarse, subangular blocky; slightly hard, friable, 
slightly sticky and slightly plastic; common roots; 
common pebbles and fragments of shale; neutral; 
abrupt, smooth boundary. 

TIC—16 to 80 inches, multicolored gravel and sand; single 
grained; loose, nonsticky and nonplastic; slightly 
effervescent; mildly alkaline; abrupt, smooth 
boundary. 

Ri—30 to 40 inches, light-gray (5Y 7/1) weathered shale, 
very dark gray (5Y 3/1) moist; many, coarse, 
prominent, dark-brown (10YR 3/38, moist) mottles; 
strong, thin, platy structure; strongly effervescent; 
gradual, smooth boundary. 

R2—40 to 60 inches, gray (5Y 6/1) weathered shale, very 
dark gray (5Y 3/1) moist; many, coarse, promi- 


nent, dark-brown (10YR 3/8, moist) mottles; 
strong, thin, platy structure; slightly effervescent. 


Depth to bedded shale ranges from 24 to 36 inches. The 
A horizon ranges from 5 to 16 inches in thickness and is 
very dark and dark-gray loam or silt loam. The B horizon 
ranges from 6 to 16 inches in thickness and is grayish- 
brown or dark grayish-brown loam or silt loam. It has 
moderate or weak prismatic structure that parts to mod- 
erate or weak, angular or subangular blocky structure. The 
C horizon, where present, is mottled, light brownish-gray 
or light yellowish-brown loam or silt loam as much as 15 
inches thick. The IIC horizon ranges from 3 to 15 inches 
in thickness. The R horizon is light-gray, gray, or dark- 
gray weathered or bedded shale. Pebbles and stones are 
cae on the surface and throughout the profile in some 
places. 

The Edgeley variant has a profile similar to that of 
Barnes, Renshaw, Edgeley, and Svea soils. In many places 
it is adjacent to Barnes and Renshaw soils and to the Svea 
variant. It has bedded shale within 36 inches of the sur- 
face; Barnes, Renshaw, and Svea soils lack bedded shale. 
They have a TIC horizon of sand and gravel above the 
bedded shale, which the Edgeley variant lacks. 


Edgeley loam, gravelly variant {Ed)—This soil is 
nearly level and is on slopes adjacent to the Sheyenne 
River Valley and drainageways leading to the Shey- 
enne River, 

Included with this soil in mapping are small areas 
of Edgeley, Barnes, and Renshaw soils. Also included 
are small areas of the Svea variant and of soils that 
have a profile similar to that of Edgeley loam, gravelly 
variant, but the depth to bedded shale is 36 to 60 
inches. Cobblestones and stones are common on the 
surface in some areas. 

Surface runoff is slow. The hazard of soil blowing 
is slight. 

Most areas of this soil are cultivated, but small areas 
adjacent to steeper soils are used for pasture. This soil 
is suited to grain crops, grasses, and legumes. Soil 
blowing is the main concern of management. Capa- 
bility unit IITs—6; windbreak suitability group 3. 


Egeland Series 


The Egeland series consists of deep, nearly level to 
hilly, well-drained soils that formed in moderately 
coarse textured glaciofluvial deposits over coarse tex- 
tured glaciofluvial deposits. These soils are on glacial 
outwash plains and sand-mantled glacial till plains. 

In a representative profile the surface layer is dark- 
gray sandy loam about 8 inches thick. The subsoil is 
very friable sandy loam about 12 inches thick that is 
dark grayish brown in the upper 4 inches and grayish 
brown in the lower 8 inches. The substratum is light 
brownish-gray loamy fine sand in the upper 10 inches 
and light-gray sand in the lower 30 inches. 

Permeability is moderately rapid, and the available 
water capacity igs moderate. The organic-matter con- 
tent is moderate, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Egeland sandy loam, 6 to 
12 percent slopes, in a cultivated field, 50 feet south 
and 25 feet west of the northeast corner of sec. 238, 
T. 150 N., R. 65 W., Eddy County: 

Ap—O0O to 8 inches, dark-gray (10YR 4/1) sandy loam, 


black (1lOYR 2/1) moist; weak, fine, granular 
structure; slightly hard, very friable, slightly 
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sticky and slightly plastic; many roots; slightly 
acid; abrupt, smooth boundary. 

B21—8 to 12 inches, dark grayish-brown (10YR 4/2) sandy 
loam, very dark grayish brown (10YR 3/2) moist; 
weak, medium, prismatic structure parting to 
weak, fine, subangular blocky; slightly hard, very 
friable, slightly sticky and slightly plastic; com- 
mon roots; slightly acid; gradual, wavy boundary. 

B22—12 to 20 inches, grayish-brown (1LOYR 5/2) sandy 
loam, dark grayish brown (10YR 4/2) moist; weak, 
coarse and medium, prismatic structure parting to 
weak, medium, subangular blocky; slightly hard, 
very friable, slightly sticky and slightly plastic; 
common roots; neutral; gradual, wavy boundary. 

C1—20 to 30 inches, light brownish-gray (2.5Y 6/2) loamy 
fine sand, grayish brown (2.5Y 5/2) moist; weak, 
coarse, prismatic structure parting to weak, me- 
dium and fine, subangular blocky and to single 


grained; soft, very friable, slightly sticky and 
nonplastic; few roots; neutral; gradual, wavy 
boundary. 


C2—80 to 46 inches, light-gray (2.5Y 7/2) fine sand, light 
brownish gray (2.5Y 6/2) moist; single grained; 
loose, mene dele and nonplastic; mildly alkaline; 
gradual, wavy boundary. 

C8—46 to 60 inches, light-gray (2.5Y 7/2) fine sand, light 
brownish gray (2.5Y 6/2) moist; single grained; 
loose, nonsticky and nonplastic; slightly efferves- 
cent; moderately alkaline. 

The A horizon ranges from 5 to 10 inches in thickness 
and is dark-gray or very dark gray sandy loam or fine 
sandy loam. The B horizon ranges from 8 to 20 inches in 
thickness and is dark grayish-brown, grayish-brown, or 
brown sandy loam or fine sandy loam. The C horizon is 
light gray, Yight brownish gray, pale brown, or light yel- 
lowish brown. Typically, the texture of the profile grades 
from fine sandy loam or sandy loam to fine sand or sand 
with increasing depth, but in some areas there is an abrupt 
change to coarse sand and medium sand below a depth of 
about 30 inches. In areas of sand-mantled glacial till, loam 
glacial till is at a depth below 40 inches. The C horizon is 
generally noncalcareous or slightly calcareous, but in some 
places, the upper part has an accumulation of lime. 

Egeland soils are adjacent to Clontarf, Embden, and 
Swenoda soils in many places. They have a profile similar 
to that of Embden and Swenoda soils. They have a thinner 
A horizon and are deeper to coarse sand than Clontarf 
soils. They are better drained than Embden soils and are 
deeper to glacial till than Swenoda soils. 


Egeland sandy loam, 0 to 3 percent slopes (EeA)— 
This soil is on outwash plains. 

Included with this soil in mapping are small areas 
of Embden and Hecla soils in concave positions. Also 
included are areas of Maddock soils in positions simi- 
lar to those of Egeland soils, and areas of Egeland 
soils that have a surface layer and subsoil of fine sandy 
loam. 

Surface runoff is slow. The hazard of soil blowing 
is very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing is the main 
concern of management. Capability unit IIIe-3; 
windbreak suitability group 5. 

Egeland sandy loam, 6 to 12 percent slopes (EeC).— 
This soil is on glacial outwash plains. It has the pro- 
file described as representative of the series. About 30 
percent of the areas are hilly and have slopes of 9 to 
12 percent. 

Included with this soil in mapping are small areas 
of Maddock soils in positions similar to those of Ege- 
land soils. Also included are areas of Embden and 
Hecla soils on foot slopes and toe slopes, and areas of 
Egeland soils that have a surface layer and subsoil of 


fine sandy loam. Soils on the summits and shoulder 
slopes in cultivated areas commonly have a lighter 
colored surface layer. 

Surface runoff is rapid to very rapid, The hazard of 
soil blowing is very severe. 

Most areas of this soil are cultivated, but hilly areas 
are used mainly for pasture and hay. This soil is suited 
to close-growing grain crops, grasses, and legumes. 
Surface runoff and soil blowing are the main concerns 
of management. Capability unit IVe-3; windbreak 
suitability group 5. 

Egeland sandy loam, sandy substratum (£g)—This 
soil is nearly level and is on glacial outwash plains. It 
has a profile similar to the one described as representa- 
tive of the series, but the substratum below a depth 
of about 30 inches is medium and coarse sand. 

Included with this soil in mapping are small areas of 
Arvilla soils and Maddock soils in positions similar to 
those of Egeland csoils. Also included are areas of 
Clontarf soils and Embden soils in concave areas. 

Surface runoff is slow. The hazard of soil blowing is 
very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing is the main 
concern of management. Capability unit IIIe-8; wind- 
break suitability group 5. 

Egeland fine sandy loam, till substratum, 0 to 3 per- 
cent slopes (EhA).—This soil is on sand-mantled glacial 
till. It has a profile similar to the one described as 
representative of the series, but the surface layer and 
subsoil are fine sandy loam and below a depth of about 
40 inches, the substratum is glacial till. 

Included with this soil in mapping are small areas 
of Heimdal and Egeland soils in convex positions. Also 
included are areas of Embden, Emrick, and Swenoda 
soils in concave positions. , 

Surface runoff is slow. The hazard of soil blowing 
is very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing is the main 
concern of management. Capability unit IITe-3M; 
windbreak suitability group 5. 

Egeland fine sandy loam, till substratum, 3 to 6 per- 
cent slopes (Eh8).—-This soil is gently undulating and is 
on sand-mantled glacial till. It has a profile similar to 
the one described as representative of the series, but 
the surface layer and subsoil are fine sandy loam, and 
below a depth of about 40 inches, the substratum is 
glacial till. 

Included with this soil in mapping are small areas 
of Heimdal soils on summits and shoulder slopes, areas 
of Egeland soils on back slopes, and areas of Emden, 
Emrick, and Swenoda soils on toe slopes and foot slopes. 
In some cultivated areas, soils on summit and shoulder 
slopes have a lighter colored surface layer. 

_ Surface runoff is medium. The hazard of soil blow- 
ing is very severe. 

Most areas of this soil are cultivated, but some areas 
are used for pasture and hay. This soil is suited to 
grain crops, grasses, and legumes. Surface runoff and 
soil blowing are the main concerns of management. 
Capability unit IIIe-3M; windbreak suitability group 
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Egeland-Embden sandy loams, till substratum, 6 to 
9 percent slopes (EmC)—Soils of this mapping unit are 
gently rolling and are on sand-mantled glacial till. The 
Egeland and Embden soils have a profile similar to the 
one described as representative of their series, but the 
substratum below a depth of about 40 inches is glacial 
till. The Egeland soil, in convex positions, makes up 
about 50 percent of the mapping unit, and the Embden 
soil, in concave positions, makes up about 30 percent. 

Included with these soils in mapping are small areas 
of Esmond soils on summits and shoulder slopes, areas 
of Heimdal and Egeland soils on back slopes, areas of 
Embden, Emrick, and Swenoda soils on foot slopes and 
toe slopes, and areas of Hamar and Tiffany soils in 
swales and depressions. Also included are a few areas 
of soils that have a surface layer and subsoil of fine 
sandy loam. In some cultivated areas, soils on sum- 
mits and shoulder slopes have a lighter colored surface 
layer. 

Surface runoff is generally rapid; water ponds in 
depressions. The hazard of soil blowing is very severe. 

Most areas of this mapping unit are cultivated, but 
some are used for pasture and hay. The soils are better 
suited to close-growing grain crops, grasses, and le- 
gumes than to most other uses. Surface runoff and soil 
blowing are the main concerns of management. Capa- 
bility unit TVe-3M; windbreak suitability group 5. 


Embhden Series 


The Embden series consists of deep, nearly level, 
gently undulating and gently rolling, moderately well 
drained soils that formed in moderately coarse textured 
glaciofluvial deposits over coarse textured glaciofluvial 
deposits. These soils are on glacial outwash plains and 
on glacial till plains that are mantled with sand. 

In a representative profile the surface layer is dark 
gray and about 13 inches thick; it is sandy loam in 
the upper 5 inches and fine sandy loam in the lower 
8 inches. The subsoil is dark grayish-brown, very fri- 
able fine sandy loam about 23 inches thick. The sub- 
stratum is 24 inches thick. The upper 12 inches of the 
substratum is dark-brown fine sandy loam; the 6 inches 
below that is yellowish-brown fine sand; and the lower 
6 inches is light yellowish-brown fine sand. 

Permeability is moderately rapid, and the available 
water capacity is moderate. The organic-matter con- 
tent is high, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Embden sandy loam, in an 
area of Embden-Egeland sandy loams, 3 to 6 percent 
slopes, in a cultivated field, 450 feet south and 500 
feet west of the northeast corner of sec. 19, T. 150 N., 
R. 59 W., Nelson County: 

Ap—0 to 5 inches, dark-gray (10YR 4/1) sandy loam, 
black (10YR 2/1) moist; moderate, medium and 
fine, subangular blocky structure parting to mod- 
erate, fine, granular; slightly hard, very friable, 
slightly sticky and slightly plastic; many roots; 
slightly acid; abrupt, smooth boundary. 

A1—5 to 18 inches, dark-gray (10YR 4/1) fine sandy loam, 
black (10YR 2/1) moist; moderate, coarse, and 
medium, subangular blocky structure; shghtly 
hard, very friable, slightly sticky and slightly 
plastic; many roots; slightly acid; clear, wavy 
boundary. 


B21—18 to 17 inches, dark grayish-brown (10YR 4/2) fine 
sandy loam, very dark brown (10YR 2/2) moist; 
moderate, medium, prismatic structure parting to 
moderate, coarse and medium, subangular blocky; 
slightly hard, very friable, slightly sticky and 
slightly plastic; common roots; slightly acid; clear, 
wavy boundary. 

B22—17 to 86 inches, dark grayish-brown (10YR 4/2) 
fine sandy loam, very dark grayish brown (10YR 
4/2) fine sandy loam, very dark grayish brown 
(1OYR 38/2) moist; moderate, very coarse and 
coarse, prismatic structure parting to weak, me- 
dium and fine, blocky; slightly hard, very friable, 
slightly sticky and slightly plastic; common roots; 
slightly acid; clear, smooth boundary. 

C1—86 to 48 inches, dark-brown (10YR 4/3) fine sandy 

loam, dark brown (10YR 3/3) moist; massive; 

slightly hard, very friable, slightly sticky and 
slightly plastic; few roots; slightly acid; clear, 
smooth boundary. 

to 54 inches, yellowish-brown (10YR 5/4) fine 

sand, dark brown (10YR 4/3) moist; single 

grained; loose, nonsticky and nonplastic; slightly 
acid; clear, smooth boundary. 

C3—54 to 60 inches, light yellowish-brown (2.5Y 6/4) fine 
sand, olive brown (2.5Y 4/4) moist; single grained; 
loose, nonsticky and nonplastic; slightly acid. 


C2—48 


The A horizon ranges from 12-to 20 inches in thickness. 
It is dark-gray or very dark gray fine sandy loam or 
sandy loam. The B horizon ranges from 8 to 24 inches in 
thickness. It is dark grayish-brown or grayish-brown fine 
sandy loam or sandy loam. It has moderate or weak pris- 
matic structure that parts to moderate or weak angular or 
subangular blocky structure. The C horizon is dark brown, 
yellowish brown, light yellowish brown, or light brownish 
gray. Typieally, it grades from fine sandy loam to sand 
with increasing depth, but in some areas there is an abrupt 
change to coarse and medium sand below a depth of 30 
inches. In aveas of sand-mantled glacial till, loam glacial 
till is at a depth below 40 inches. The’ C horizon is gen- 
erally noncalcareous or slightly calcareous, but in some 
places the upper part has an accumulation of lime. 

Embden soils are adjacent to Clontarf, Egeland, Hecla, 
and Swenoda soils in many places. They have a profile 
similar to those of Clontarf, Egeland, and Swenoda soils. 
They have a finer textured C horizon than Clontarf soils. 
They have a thicker A horizon than Egeland soils. They 
have a finer textured solum than Hecla soils and a B horizon 
that Hecla soils lack. They are deeper to glacial till than 
Swenoda soils. 


Embden sandy loam, 0 to 3 percent slopes (EnA).— 
This soil ig on glacial outwash plains. 

Included with this soil in mapping are small areas 
of Egeland soils and Clontarf soils in slightly higher 
positions. Also included are areas of Hecla soils in 
positions similar to those of Embden soils, 

Surface runoff is slow. The hazard of soil blowing 
is very severe. 

Most areas are cultivated, but some are used for 
pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Soil blowing is the main concern 
of management. Capability unit IIIe-8; windbreak 
suitability group 1. 

Embden-Egeland sandy loams, 3 to 6 percent slopes 
(EoB).—-Soils of this mapping unit are on outwash 
plains. Embden soils have the profile described as rep- 
resentative of the series. They are on lower back slopes, 
foot slopes, and toe slopes and make up about 45 per- 
cent of the mapping unit. Egeland soils are on sum- 
mits, shoulder slopes, and upper back slopes and make 
up about 35 percent. 

Included with these soils in mapping are small areas 
of Clontarf and Maddock soils on summits, shoulder 
slopes, and upper back slopes and areas of Hecla soils 
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on lower back slopes, foot slopes, and toe slopes. In 
some cultivated areas, soils on summits and shoulder 
slopes have a lighter colored surface layer. 

Surface runoff is medium. The hazard of soil blow- 
ing is very severe. 

Most areas of this mapping unit are cultivated, but 
some are used for pasture and hay. The soils are suited 
to grain crops, grasses, and legumes. Surface runoff 
and soil blowing are the main concerns of manage- 
ment. Capability unit IIIe-8; Embden soil is in wind- 
break suitability group 1, Egeland soil is in windbreak 
suitability group 5. 

Embden, Swenoda, and Heimdal fine sandy loams, 
0 to 3 percent slopes (EsA)—Soils of this undifferenti- 
ated mapping unit are on sand-mantled glacial till. 
Depth of sand overlying the glacial till ranges from 
less than 6 inches to more than 5 feet. The Embden 
and Heimdal soils have profiles similar to those de- 
scribed as representative of their respective series, but 
they have a fine sandy loam surface layer. Heimdal 
soils are on summits, shoulder slopes, and upper back 
slopes, and Embden and Swenoda soils are on lower 
back slopes, foot slopes, and toe slopes. 

Included with these soils in mapping are small areas 
of Esmond soils on summits, Egeland soils on shoulder 
slopes and upper back slopes, Emrick soils on foot 
slopes and toe slopes, Tiffany, Tonka, and Wyard soils 
in swales and depressions that are identified on the 
soil map by a diamond symbol, and Fram and Wynd- 
mere soils around the edges of some of the depressions. 
A few areas have a sandy loam surface layer. Soils 
on the summits and shoulder slopes in some cultivated 
areas have a lighter colored surface layer. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is very severe. 

Most areas of this mapping unit are cultivated; some 
are used for pasture and hay. The soils are suited to 
grain crops, grasses, and legumes. Surface runoff, wet- 
ness in depressions, and soil blowing are the main 
concerns of management. Capability unit IIle-3M; 
Embden soil is in windbreak suitability group 1, 
Swenoda soil is in windbreak suitability group 1, 
Heimdal soil is in windbreak suitability group 3. 

Embden, Swenoda, and Heimdal fine sandy loams, 
3 to 6 percent slopes (Es8)-—Soils of this undifferenti- 
ated mapping unit are on sand-mantled glacial till. 
Depth of the sand overlaying the glacial till ranges 
from less than 6 inches to more than 5 feet. The Emb- 
den and Heimdal soils have a profile similar to the one 
described as representative of their series, but they 
have a fine sandy loam surface layer. Heimdal soils 
are on summits, shoulder slopes, and upper back slopes, 
and Embden soils and Swenoda soils are on lower back 
slopes, foot slopes, and toe slopes. 

Included with these soils in mapping are small areas 
of Esmond soils on summits, Egeland soils on shoulder 
slopes and upper back slopes, Emrick soils on foot 
slopes and toe slopes, Tiffany, Tonka, and Wyard soils 
in swales and depressions, which are identified on the 
soil map by a diamond symbol, and Fram and Wynd- 
mere soils around the edges of some of the depressions. 
Also included are a few areas of soils that have a sandy 
loam surface layer. Soils on the summits and shoulder 
slopes in some cultivated areas have a lighter colored 
surface layer. 


Surface runoff is medium, and water ponds in de- 
pressions. The hazard of soil blowing is very severe. 

Most areas of this mapping unit are cultivated, but 
some are used for pasture and hay. The soils are suited 
to grain crops, grasses, and legumes. Surface runoff, 
wetness in depressions, and soil blowing are the main 
concerns of management. Capability unit IIIe-3M; 
Embden soil is in windbreak suitability group 1, Swe- 
noda soil is in windbreak suitability group 1, Heimdal 
soil is in windbreak suitability group 3. 


Emrick Series 


The Emrick series consists of deep, nearly level to 
gently undulating, moderately well drained soils that 
formed in medium-textured glacial till. These soils are 
on glacial till plains. 

In a representative profile the surface layer is very 
dark gray loam about 9 inches thick. The subsoil is 
dark grayish-brown, friable loam about 8 inches thick. 
The substream is 43 inches of loam that contains an 
accumulation of lime in the upper 138 inches. It is 
light brownish gray in the upper 7 inches, and it is 
mottled, light brownish gray in the lower 36 inches. 

Permeability is moderate, and the available water 
capacity is high. The organic-matter content is high, 
and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Emrick loam, in an area 
of Heimdal-Emrick loams, 0 to 8 percent slopes, in a 
cultivated field, 150 feet south and 800 feet east of 
the northwest corner of sec. 30, T. 148 N., R. 66 W., 
Eddy County: 


Ap—0 to 5 inches, very dark gray (10YR 3/1) loam, black 
(10YR 2/1) moist; weak, medium, crumb struc- 
ture; slightly hard, friable, slightly sticky and 
slightly plastic; many roots; neutral; abrupt, 
smooth boundary. 
to 9 inches, very dark gray (10YR 3/1) loam, 
black (10YR 2/1) moist; weak, coarse, prismatic 
structure parting to weak, medium, subangular 
blocky; slightly hard, friable, slightly sticky and 
slightly plastic; many roots; neutral; clear, smooth 
boundary. 

B2—9 to 17 inches, dark grayish-brown (10YR 4/2) loam, 
very dark grayish brown (10YR 3/2) moist; weak, 
coarse, prismatic structure parting to weak, me- 
dium, subangular blocky; slightly hard, friable, 
slightly sticky and slightly plastic; common roots; 
mildly alkaline; clear, wavy boundary. 

Clea—17 to 24 inches, light brownish-gray (2.5Y 6/2) 
loam, light olive brown (2.5Y 5/4) moist; weak, 
coarse, prismatic structure parting to weak, me- 
dium, subangular blocky; slightly hard, friable, 
slightly sticky and slighty plastic; few roots; 
strongly effervescent; moderately alkaline; grad- 
ual, wavy boundary. 

C2ca—24 to 30 inches, light brownish-gray (2.5Y 6/2) 
loam, light olive brown (2.5Y 5/4) moist; com- 
mon, medium, distinct, white (2.5Y. 8/1, moist) 
segregations of lime and few, fine, distinct, 
yellowish-brown (10YR 5/6, moist) mottles; 
slightly hard, friable, slightly sticky and slightly 
plastic; violently effervescent; moderately alkaline; 
gradual, wavy boundary. 

C8—80 to 60 inches, light brownish-gray (2.5Y 6/2) loam, 
olive brown (2.5¥Y 4/4) moist; few, fine, distinct, 
yellowish-brown (10YR 5/6, moist) mottles; slightly 
hard, friable, slightly sticky and slightly plastic; 
strongly effervescent; moderately alkaline. 


The A horizon ranges from 8 to 20 inches in thickness. 


A12—5 
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It is very dark gray or dark-gray loam, silt loam, or sandy 
loam. The B horizon ranges from 6 to 16 inches in thickness. 
It is dark grayish-brown or grayish-brown loam or silt 
loam. In some places the upper part of the B horizon is 
sandy loam. It has moderate or weak prismatic structure 
that parts to moderate or weak angular or subangular 
blocky structure. An accumulation of lime is in the lower 
part of the B horizon in some places. The Cea horizon is 
light brownish gray or light gray and is mottled in the 
lower part in places. Some profiles do not have a Cca 
horizon. The C horizon is mottled, light brownish gray, 
light gray, or light yellowish brown. Pebbles are common 
in many places, but some profiles are smooth and pebble- 
free because of water sorting. In some places the C horizon 
has thin strata of sand. 

Emrick soils are adjacent to Fram soils and Heimdal 
soils in many places; they formed in similar parent ma- 
terial. They have a B horizon, which Fram soils lack, and 
are not so well drained as Heimdal soils. They have a 
profile similar to Svea soils, but they contain less clay. 


Emrick sandy loam (Et).—This soil is nearly level 
and is on sand-mantled glacial till plains. It has ‘a 
profile similar to the one described as representative 
of the series, but the surface layer, and in some places 
the upper part of the subsoil, is sandy loam. 

Included with this soil in mapping are small areas 
of Heimdal soils in slightly higher positions, and areas 
of Swenoda soils and Embden soils in positions similar 
to those of Emrick soils. Also included are areas of 
Tiffany, Tonka, and Wyard soils in swales and shal- 
low depressions that are indicated on the soil map by 
a diamond symbol, and areas of Fram soils and Wynd- 
mere soils around the edges of some of these depres- 
sions. 

Surface runoff is slow, and water ponds in the de- 
pressions. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated. This soil is 
suited to grain crops, grasses, and legumes. Wetness 
and soil blowing are the main concerns of manage- 
ment. Capability unit IIJe-3M; windbreak suitability 
group 1. 

Emrick loam (Eu).—This soil is nearly level and is on 
glacial till plains. 

Included with this soil in mapping are small areas 
of Heimdal soils in slightly higher positions. Also in- 
cluded are areas of Tonka soils and Wyard soils in 
swales and shallow depressions that are indicated on 
the soil map by a diamond symbol, and areas of Fram 
soils around the edges of some of the depressions. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is moderate. 

Most areas of this soil are cultivated. This soil is 
suited to grain crops, grasses, and legumes. Wetness 
in depressions and soil blowing are the main concerns 
of management. Capability unit IIe-5; windbreak 
suitability group 1. 


Esmond Series 


The Esmond series consists of deep, sloping to steep, 
well-drained soils that formed in medium-textured 
glacial till. These soils are on glacial till plains. 

In a representative profile the surface layer is very 
dark gray loam about 5 inches thick. The next layer 
is dark-gray, friable loam about 4 inches thick. The 
substratum is variegated light brownish-gray and 
light-gray loam that has an accumulation of lime in 


the upper 11 inches, and is mottled, light yellowish- 
brown loam in the lower 40 inches. 

Permeability is moderate, and the available water 
capacity is high. The organic-matter content is mod- 
erate, and fertility is low. 

These soils are better suited to grasses than to most 
other uses. 

Representative profile of Esmond loam, in an area 
of Heimdal-Emrick-Esmond loams, 15 to 25 percent 
slopes, in a pasture, 800 feet south and 120 feet west 
of the northeast corner of sec. 28, T. 150 N., R. 66 W., 
Eddy County: 


A—0 to 5 inches, very dark gray (10YR 3/1) loam, black 
(10YR 2/1) moist; weak, medium and fine, crumb 
structure; slightly hard, very friable, slightly 
sticky and slightly plastic; many roots; few peb- 
bles; neutral; clear, wavy boundary. 

AC—5 to 9 inches, dark-gray (10YR 4/1) loam, very dark 
grayish brown (1lOYR 3/2) moist; weak, coarse, 
prismatic structure parting to weak, medium, sub- 
angular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; common roots; few 
pebbles; common, fine, distinct, gray and light- 
gray (2.5Y 5/1 and 7/1, moist) segregations of 
lime; slightly effervescent; mildly alkaline; clear, 
wavy boundary. 

Clca—9 to 20 inches, variegated light brownish-gray and 
light-gray (2.5Y 6/2 and 7/2) loam, olive brown 
and light olive brown (2.5Y 4/4 and 5/4) moist; 
weak, coarse, prismatic structure parting to weak, 
medium, subangular blocky; slightly hard, friable, 
slightly sticky and slightly plastic; few roots; few 
pebbles; common, fine distinct, white (N 8/0, 
moist) segregations of lime; violently effervescent; 
moderately alkaline; gradual, wavy boundary. 

C2—20 to 60 inches, light yellowish-brown (2.5Y 6/4) 
loam, olive brown (2.5Y 4/4) moist; few, fine, 
distinct, dark reddish-brown (2.5Y 3/4, moist) 
and yellowish-brown (10YR 5/6, moist) mottles; 
massive, parting to weak, medium and fine, sub- 
angular blocky structure; hard, friable, slightly 
sticky and slightly plastic; few pebbles; strongly 
effervescent; moderately alkaline. 


The A horizon ranges from 4 to 9 inches in thickness. It 
is very dark gray or dark-gray loam or sandy loam. The 
AC horizon, where present, is dark-gray or gray loam or 
sandy loam as much as 5 inches thick. It has an accumula- 
tion of lime in some places. The Cea horizon is light brown- 
ish gray, light gray, or light olive brown and is mottled in 
some places. The C2 horizon is mottled, light brownish 
gray, light gray, light yellowish brown, or grayish brown. 
Pebbles throughout the profile are common in many places, 
but some profiles are smooth and pebble-free because of 
water sorting. 

Esmond soils are adjacent to Buse, Coe, Embden, and 
Heimdal soils in many places. They are underlain by glacial 
till, unlike Coe soils, which are underlain by shaly sand and 
gravel. They lack the B horizon that is characteristic of 
Embden soils and Heimdal soils, They contain less clay 
throughout the profile than Buse soils. 


Esmond, Coe, and Emhbden soils, 6 to 25 percent 
slopes (EvD).—Soils of this undifferentiated mapping 
unit are on moraines where collapsed outwash is mixed 
with glacial till. The Esmond and Embden soils have 
a profile similar to the one described as representative 
of their series, but they contain more fragments of 
shale than is typical (fig. 10). Esmond soils are on 
the summits and shoulder slopes in areas of glacial 
till, Coe soils are on the summits and shoulder slopes 
in areas of stratified shaly sand and gravel, and Emb- 
den soils are on foot slopes and toe slopes. 

Included with these soils in mapping are small areas 
of Heimdal soils on back slopes, Emrick soils on foot 
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Figure 10.—Shaly gravel pockets that are associated with glacial 
ull. This parent material is typical of that in which Esmond, Coe, 
and Embden soils, 6 to 25 percent slopes, formed. 


slopes and toe slopes in areas of glacial till, Binford 
soils and Brantford soils on back slopes, Vang soils on 
foot slopes in areas of shaly outwash, and Tolna soils 
and Tonka soils in depressions that are identified on 
the soil map by a diamond symbol. Most areas have a 
sandy loam surface layer. 

Surface runoff is rapid to very rapid, and water 
ponds in depressions. The hazard of soil blowing is 
slight, but if grass vegetation is destroyed by cultiva- 
tion or overgrazing, the hazard of soil blowing is very 
severe. 

Most areas of this mapping unit are in pasture. The 
soils are better suited to grass than to most other 
uses, Surface runoff is the main concern of manage- 
ment. Capability unit Vle-6; Esmond soil is in wind- 
break suitability group 8, Coe soil is in windbreak 
suitability group 10, Embden soil is in windbreak 
suitability group 5. 


Exline Series 


The Exline series consists of deep, nearly level, 
somewhat poorly drained, claypan soils that formed in 
moderately fine textured glaciofluvial deposits. These 
soils are in depressions on glacial outwash plains. 

In a representative profile the surface layer is dark- 


gray loam about 4 inches thick. The subsoil is firm 
heavy clay loam about 20 inches thick. It is very dark 
gray in the upper 8 inches and dark gray in the lower 
12 inches. Segregations of salt are common in the sub- 
soils. The substratum is 36 inches of mottled, sandy 
clay loam. The upper 8 inches is light gray and has 
an accumulation of lime and segregations of salt. The 
15 inches below that is light brownish gray. The lower 
13 inches is light gray. 

Permeability is very slow, and the available water 
capacity is low. The organic-matter content is high, 
and fertility is low. The dense subsoil and the salts 
in the lower part of the subsoil limit root growth and 
water penetration. The water table is within 5 feet 
of the surface most of the year, and it is at or near 
the surface in spring and early in summer. A perched 
water table forms just above the dense subsoil during 
periods of heavy rainfall. 

These soils are suited to salt-tolerant grasses. 

Representative profile of Exline loam, is a hayfield, 
8300 feet north and 160 feet east of the southwest 
corner of the NW1!,, sec. 7, T. 149 N., R. 58 W., Nelson 
County: 


Al—0 to 4 inches, dark-gray (10YR 4/1) loam, black (10YR 
2/1) moist; moderate, fine, granular structure; 
slightly hard, friable, slightly sticky and slightly 
plastic; many roots; neutral; abrupt, smooth 
boundary. 

B21t—4 to 12 inches, very dark gray (10YR 3/1) heavy 
clay loam, black (10YR 2/1) moist; strong, me- 
dium, prismatic structure parting to strong, me- 
dium, angular blocky; hard, firm, sticky and plastic; 
few roots; common segregations of salt; slightly 
effervescent; moderately alkaline; gradual, wavy 
boundary. 

B22t—12 to 16 inches, dark-gray (1lOYR 4/1) heavy clay 
loam, black (10YR 2/1) moist; strong, medium, 
prismatic structure parting to strong, medium, 
angular blocky; hard, firm, sticky and plastic; few 
roots; few pebbles as large as 5 millimeters; com- 
mon segregations of salt; slightly effervescent; 
strongly alkaline; gradual, wavy boundary. 

B8sa—16 to 24 inches, dark-gray (10YR 4/1) heavy clay 
loam, very dark gray (10YR 3/1) moist; strong, 
medium, angular blocky structure; hard, firm, 
sticky and plastic; few pebbles as large as 5 milli- 
meters; common segregations of salt; violently 
effervescent; strongly alkaline; clear, wavy bound- 


ary. 

Cleasa—24 to 82 inches, light-gray (2.5Y 7/1) sandy clay 
loam, gray (2.5Y 6/1) moist; common, fine, dis- 
tinct, olive-yellow (2.5Y 6/8, moist) mottles; mas- 
sive; hard, firm, sticky and plastic; common peb- 
bles as large as 5 millimeters; common segrega- 
tions of salt; violently effervescent; strongly 
alkaline; gradual, wavy boundary. 

C2—82 to 47 inches, light brownish-gray (2.5Y 6/2) sandy 
clay loam, grayish brown (2.5Y 5/2) moist; com- 
mon, medium, distinct, light yellowish-brown (2.5Y 
6/4, moist) mottles; massive; hard, firm, sticky 
and plastic; common pebbles as large as 5 milli- 
meters; strongly effervescent; strongly alkaline; 
gradual, wavy boundary. 

C38—47 to 60 inches, light-gray (2.5Y 7/2) sandy clay 
loam, grayish brown (2.5Y 5/2) moist; common, 
medium, distinct, yellow (2.5Y 7/6, moist) and 
light olive-brown (2.5Y 5/6, moist) mottles; mas- 
sive; hard, firm, sticky and plastic; common peb- 
bles as large as 5 millimeters and a few as large 
as 10 millimeters; few segregations of salt; 
strongly effervescent; strongly alkaline. 


The Al horizon ranges from 0 to 6 inehes in thickness. 
It is dark-gray or very dark gray loam, clay loam, or silty 
clay loam. Most profiles do not have an A2 horizon, which 
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is either a thin gray coating on top of the B2t horizon or 
as much as 2 inches of gray platy loam or silt loam. The 
B2t horizon ranges from 8 to 16 inches in thickness. It is 
very dark gray or dark-gray heavy clay loam or silty clay. 
Tt has strong or moderate columnar or prismatic structure 
that parts to strong or moderate angular or subangular 
blocky structure. The B3sa horizon ranges from 6 to 10 
inches in thickness. It is heavy clay loam or silty clay 
loam. The C horizon is mottled, light gray, light brownish 
gray, or light yellowish brown. Typically, it is clay loam 
or silty clay loam, but stratified sands are below a depth 
of about 40 inches in some places. Segregations of lime 
and salt typically occur throughout the C horizon, but they 
accumulate in the upper part in many places. 

Exline soils are adjacent to Aberdeen and Colvin soils 
in many places. They have a thinner combined A and B2t 
horizon than Aberdeen soils. They have a B2t horizon, 
a Colvin soils lack, and they are not so wet as Colvin 
soils. 

Exline loam (Ew).—This soil is nearly level and is in 
depressions on glacial outwash plains. It has the pro- 
file described as representative of the series. 

Included with this soil in mapping are small areas 
of Aberdeen soils in slightly higher positions and areas 
of Colvin soils in lower, more poorly drained, positions. 
Also included are a few areas that have a surface 
layer of clay loam or silty clay loam. In many culti- 
vated areas the plow layer is hard and cloddy when 
dry and sticky when wet because some of the dense 
subsoil has been mixed with the surface layer. 

Surface runoff is very slow, and water ponds in low 
areas. The hazard of soil blowing is severe. 

Most areas of this soil are in hay or pasture, but 
some small areas are cultivated along with the adjoin- 
ing soils. This soil is suited to salt-tolerant grasses. 
Growth of most crops is reduced because of the shal- 
low root zone, slow permeability, and the high content 
of salt. Wetness and overgrazing of pastures are the 
main concerns of management, Capability unit VIw— 
4; windbreak suitability group 9. 


Fargo Series 


The Fargo series consists of deep, nearly level, poorly 
drained soils that formed in moderately fine textured 
and fine textured glaciolacustrine deposits. These soils 
are in ancient ice-blocked lakes in morainic areas. 

In a representative profile the surface layer is very 
dark gray silty clay loam about 8 inches thick. The 
subsoil is olive-gray, firm silty clay about 12 inches 
thick. The substratum is 40 inches thick. The upper 
15 inches is variegated light-gray and light olive-gray 
silty clay that has an accumulation of lime. The next 
15 inches is variegated pale-olive and olive silty clay. 
The lower 10 inches is variegated pale-olive and olive 
silty clay that contains nests of gypsum crystals. 

Permeability is slow, and the available water ca- 
pacity is high. The organic-matter content is high, and 
fertility is medium. These soils have a seasonal high 
water table. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Fargo silty clay loam, in 
an area of Fargo and Nutley silty clay loams, in a 
cultivated field, 170 feet south and 30 feet east of the 
northeast corner of the SEY4SWY,, sec. 33, T. 150 N., 
R. 66 W., Eddy County: 


Ap—0 to 6 inches, very dark gray (10YR 3/1) silty clay 


loam, black (10YR 2/1) moist; moderate, fine 
granular structure; slightly hard, friable, sticky 
and plastic; many roots; slightly acid; abrupt, 
smooth boundary. 

A12—6 to 8 inches, very dark gray (10YR 3/1) silty clay 
loam, black (10YR 2/1) moist; moderate, coarse, 
prismatic structure parting to moderate, very fine, 
angular blocky; hard, firm, sticky and plastic; 
many roots; patches of thin clay skins on faces of 
prisms; neutral; gradual, wavy boundary. 

B2g—8 to 20 inches, olive-gray (5Y 5/2) silty clay, olive 
gray (5Y 4/2) moist; moderate, coarse and me- 
dium, prismatic structure parting to moderate, fine 
and very fine, angular blocky; very hard, firm, 
sticky and plastic; common roots; clay films and 
organic stains on all faces; very slightly efferves- 
cent; mildly alkaline; gradual, wavy boundary. 

Clgca—20 to 35 inches, variegated light-gray and light 
olive-gray (5Y 7/2 and 6/2) silty clay, olive gray, 
olive, and light olive brown (5Y 4/2, 5/3, and 
2.5Y 5/4) moist; moderate, coarse, prismatic struc- 
ture parting to moderate, medium, subangular 
blocky; hard, firm, sticky and plastic; few roots; 
violently effervescent; moderately alkaline; grad- 
ual, wavy boundary. 

C2g—85 to 50 inches, variegated pale-olive and olive (5Y 
6/3 and 5/3) silty clay, olive (5Y 4/3) and 
hard, firm, sticky and plastic; strongly efferves- 
cent; moderately alkaline; gradual, wavy bound- 


ary. 

C3gcs—50 to 60 inches, variegated pale-olive and olive (5Y 
6/38 and 5/3) silty clay, olive (5Y 4/3) moist; 
massive; hard, firm, sticky and plastic; nests of 
gypsum crystals; strongly effervescent; moderately 
alkaline. 


The Al horizon ranges from 6 to 20 inches in thickness. 
It is silty clay loam, silty clay, or clay. The B_ horizon 
ranges from 6 to 16 inches in thickness. It is olive-gray, 
olive, or olive-brown silty clay loam, silty clay, or clay. The 
C horizon is mottled, or variegated, light-gray, light olive- 
gray, pale-olive, or olive silty clay loam, silty clay, or clay. 
Typically, lime accumulates in the upper part, but some C 
horizons do not have lime. Segregations of salt and nests 
of gypsum crystals are in some part of the C horizon in 
most places. 

Fargo soils are adjacent to Nutley soils and to Parnell 
soils in many places. They are more poorly drained than 
Nutley soils and not so poorly drained as Parnell soils. 


Fargo and Nutley silty clay loams (Fa)—Soils of this 
nearly’ level, undifferentiated -mapping unit are in 
ancient ice-blocked lakes in glacial moraines. These 
soils have the profile described as representative of 
their series. The Fargo soils are in concave positions, 
and Nutley soils are in convex positions. 

Included with these soils in mapping are small areas 
of Parnell soils and Perella soils in shallow depressions, 
and soils in saline areas around the edges of some of 
the depressions. Also included are areas of Fargo and 
Nutley soils that have glacial till in the substratum. 

Surface runoff is very slow, and water ponds in de- 
pressions. The hazard of soil blowing is severe. 

Most areas of this mapping unit are cultivated, but 
some are in pasture and hay. The soils are suited to 
grain crops, grasses, and legumes. Wetness and soil 
blowing are the main concerns of management. Ca- 
pability unit IIs-4; Fargo soil is in windbreak suit- 
ability group 1, Nutley soil is in windbreak suitability 
group 4. 


Fordville Series 


The Fordville series consists of moderately deep, 
nearly level, well-drained soils that formed in medium- 
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textured gilaciofluvial deposits overlying coarse- 
textured glaciofluvial deposits. These soils are on 
glacial outwash plains and river terraces. 

In a representative profile the surface layer is dark- 
gray loam about 7 inches thick. The subsoil is friable 
loam about 10 inches thick that is dark grayish brown 
in the upper 4 inches and brown in the lower 6 inches. 
The upper 5 inches of the substratum is pale-brown 
loam, and the 38 inches below that is variegated gra- 
nitic sand and gravel. 

Permeability is moderate in the surface layer, sub- 
soil, and upper part of the substratum, and it is very 
rapid in the lower part of the substratum, The avail- 
able water capacity is moderate. The organic-matter 
content is high, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Fordville loam in a culti- 
vated field, 620 feet south and 50 feet west of the 
northeast corner of the SE!, sec. 28, T. 149 N., R. 67 
W., Eddy County: 


Ap—0 to 7 inches, dark-gray (10YR 4/1) loam, black 
(1OYR 2/1) moist; weak, fine, granular structure; 
slightly hard, friable, slightly sticky and slightly 
plastic; many roots; few rounded pebbles as large 
as 10 millimeters; neutral; abrupt, smooth bound- 


ary. 

B21—7 to i1 inches, dark grayish-brown (10YR 4/2) loam, 
very dark grayish brown (10YR 38/2) moist; weak, 
medium, prismatic structure parting to weak, me- 
dium, subangular blocky; slightly hard, friable, 
slightly sticky and slightly plastic; common roots; 
few rounded pebbles as large as 15 millimeters; 
mildly alkaline; gradual, wavy boundary. 

B22-—11 to 17 inches, brown (10YR 5/3) loam, dark brown 
(10YR 3/3) moist; weak, medium, prismatic 
structure parting to weak, medium, subangular 
blocky; slightly hard, friable, slightly sticky and 
slightly plastic; common roots; few rounded peb- 
bles as large as 15 millimeters; mildly alkaline; 
gradual, wavy boundary. 

C1i—17 to 22 inches, pale-brown (10YR 6/3) loam, brown 
(10YR 5/8) moist; very weak, coarse and me- 
dium, prismatic structure parting to weak, me- 
dium, subangular blocky; slightly hard, friable, 
slightly sticky and slightly plastic; few roots; many 
rounded pebbles as large as 15 millimeters; 
strongly effervescent; mildly alkaline; clear, smooth 
boundary. 

IIC2—22 to 60 inches, variegated granitic sand and 
gravel; single grained; loose, nonsticky and non- 
plastic; strongly effervescent; mildly alkaline. 


Depth to the sand and gravel IIC horizon ranges from 
20 to 36 inches. The A horizon ranges from 5 to 12 inches 
in thickness. It is dark gray or very dark gray. The B2 
horizon ranges from 5 to 12 inches in thickness. It is dark 
grayish brown, grayish brown, or brown. It has weak or 
moderate prismatic structure that parts to weak or mod- 
erate angular or subangular blocky structure, and in some 
places clay films and organic stains are on the faces of 
prisms. The C horizon ranges from 5 to 12 inches in 
thickness. It is pale-brown or light brownish-gray loam or 
sandy loam. It has weak or moderate prismatic structure 
that parts to weak or moderate angular or subangular 
blocky structure, and in places it has an accumulation of 
lime in the upper part of the profile. The IIC horizons are 
typically stratified granitic sand and gravel, and they con- 
tain a layer of shaly sand and gravel in places. They have 
an accumulation of lime in the upper part in some profiles, 
and lime coatings on the undersides of pebbles are common. 

Fordville soils have a profile similar to that of Renshaw, 
Spottswood, and Warsing soils. They are deeper to sand 
and gravel than Renshaw soils. They are better drained 
than Spottswood soils and Warsing soils. 


Fordville loam (Fd)—This soil is nearly level and is 
on glacial outwash plains and river terraces. 

Included with this soil in mapping are small areas 
of Renshaw, Spottswood, and Warsing soils in posi- 
tions similar to those of Fordville soils. Also included 
a few areas of soils that have slopes of 3 to 5 per- 
cent. 

Surface runoff is slow. The hazard of soil blowing is 
slight: 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Low available water ca- 
pacity, because of the coarse-textured substratum, and 
soil blowing are the main concerns of management. 
Capability unit IIIs—6; windbreak suitability group 3. 


Fossum Series 


The Fossum series consists of deep, nearly level, 
poorly drained, calcareous soils that formed in mod- 
erately coarse textured and coarse textured glacioflu- 
vial deposits. These soils are in depressions on glacial 
outwash plains. 

In a representative profile the surface layer is sandy 
loam about 16 inches thick that is very dark gray in 
the upper 6 inches and dark gray in the lower 10 inches. 
The substratum is 44 inches thick. The upper 6 inches 
is gray and grayish-brown loose loamy sand. The 12 
inches below that is mottled, light brownish-gray 
loamy sand. The lowermost 26 inches is mottled, 
grayish-brown sand. 

Permeability is rapid, and the available water ca- 
pacity is low. The organic-matter content is moderate, 
and fertility is medium. The water table is within 3 
feet of the surface most of the year; it is at or near 
the surface in spring and early in summer. Drains are 
difficult to install because outlets are not generally 
available. 

These soils are suited to grasses and when drained 
to grain crops and legumes. 

Representative profile of Fossum sandy loam, in an 
area of Fossum and Hamar sandy loams, in a cultivated 
field, 450 feet south and 1,150 feet west of the north- 
east corner of sec. 11, T. 150 N., R. 638 W., Eddy 
County: 


Ap—0 to 6 inches, very dark gray (10YR 3/1) sandy 
loam; black (10YR 2/1) moist; weak, medium, sub- 
angular blocky structure parting to weak, fine, 
erumb; soft, very friable, slightly sticky and 
slightly plastic; many roots; strongly efferves- 
cent; mildly alkaline; abrupt, smooth boundary. 

A12—6 to 10 inches, dark-gray (10YR 4/1) sandy loam, 
very dark gray (10YR 3/1) moist; common, me- 
dium, distinct, dark grayish-brown, (2.5Y 4/2, 
moist) mottles; weak, medium, subangular blocky 
structure; soft, very friable, slightly sticky and 
slightly plastic; common roots; strongly efferves- 
cent; mildly alkaline; gradual, smooth boundary. 

A13—10 to 16 inches, dark-gray (10YR 4/1) sandy loam, 
very dark gray (10YR 3/1) moist; common, me- 
dium, distinct, dark grayish-brown (2.5Y 4/2, 
moist) mottles; weak, medium, subangular blocky 
structure; soft, very friable, slightly sticky and 
slightly plastic; common roots; strongly efferves- 
cent and violently effervescent; mildly alkaline; 
clear, wavy boundary. 

C1—16 to 22 inches, gray (1LOYR 5/1) and grayish-brown 
(2.5Y 5/2) loamy sand, dark gray (1OYR 4/1) 
moist and dark grayish brown (2.5Y 4/2) moist; 
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very weak, medium, subangular blocky structure; 

loose, slightly sticky and nonplastic; few roots; 

strongly effervescent; mildly alkaline; clear, 
smooth boundary. 

to 34 inches, light brownish-gray (2.5Y 6/2) 

loamy sand, dark grayish brown (2.5Y 4/2) moist; 

common, fine, faint, dark yellowish-brown (10YR 

4/4, moist) mottles; single grained; loose, slightly 

sticky and nonplastic; strongly effervescent; mildly 

alkaline; gradual boundary. 

C3—34 to 60 inches, grayish-brown (2.5Y 5/2) sand, dark 
grayish brown (2.5Y 4/2) moist; common, fine, 
faint, light yellowish-brown (10YR 6/4, moist), 
dark yellowish-brown (10YR 4/4, moist), and 
strong-brown (7YR 5/6, moist) mottles; single 
grained; loose, nonsticky and nonplastic; slightly 
effervescent; mildly alkaline. 


C2—22 


The A horizon ranges from 8 to 18 inches in thickness. 
It is very dark gray or dark-gray sandy loam, fine sandy 
loam, or loam. Typically it is mottled in the lower part, 
but not in all profiles. The C horizon is grayish brown, 
gray, or light brownish gray, and mottles occur throughout 
the horizon in most places. Segregations of salt are in the 
A horizon and upper part of the C horizon in some places. 

Fossum soils have a profile similar to that of Arveson, 
Hamar, and Venlo soils. They lack a concentration. of 
segregated lime near the surface, which is a characteristic 
of Arveson soils. They are calcareous in the A horizon 
and upper part of the C horizon, unlike Hamar soils and 
Venlo soils which are nonealcareous. 

Fossum sandy loam (Fm).—This soil is nearly level 
and is in depressions on glacial outwash plains. 

Included with this soil in mapping are small areas 
of Arveson soils and Venlo soils in positions similar 
to those of Fossum soils, areas of Hamar soils and 
Wyndmere soils in slightly higher positions, and areas 
of Maddock soils and Hecla soils in higher, better 
drained positions. 

Surface runoff is very slow. The hazard of soil blow- 
ing is very severe, Tillage is often delayed because of 
wetness. 

Most areas of this soil are used for pasture and hay, 
but some are cultivated along with adjoining soils. 
This soil is suited to grasses and, where drained, to 
grain crops and legumes. Soil blowing, wetness, and 
droughtiness caused by the low available water capac- 
ity are the main concerns of management. Capability 
unit IIIw-3; windbreak suitability group 2. 

Fossum loam (Fo|—This soil is nearly level and is in 
depressions on glacial outwash plains. It has a profile 
similar to the one described as representative of the 
series, but the surface layer is loam. 

Included with this soil in mapping are small areas of 
Arveson soils and Venlo soils in positions similar to 
those of Fossum soils and areas of Hamar soils and 
Wyndmere soils in slightly higher positions. 

Surface runoff is very slow. The hazard of soil blow- 
ing is moderate. Tillage is often delayed because of 
wetness. 

Most areas of this soil are used for pasture and hay, 
but some are cultivated along with adjoining soils. This 
soil is suited to grasses and, where drained, to grain 
crops and legumes. Wetness, droughtiness caused by 
the low available water capacity, and soil blowing in 
cultivated areas are the main concerns of management. 
Capability unit IIIw-5; windbreak suitability group 

Fossum and Hamar sandy loams (Fp)—Soils of this 
nearly level, undifferentiated mapping unit are in de- 
pressions on glacial outwash plains. The Fossum soil 


has the profile described as representative of the series. 
The Hamar soil has a profile similar to the one de- 
scribed as representative of the series, but the surface 
layer is sandy loam. The Fossum soils are in lower 
positions than Hamar soils. 

Included with these soils in mapping are small areas 
of Arveson soils and Venlo soils in lower positions and 
areas of Wyndmere soils in slightly higher positions. 

Surface runoff is very slow, and water ponds in low 
positions. The hazard of soil blowing is very severe. 
Tillage is often delayed because of wetness. 

Most areas of this mapping unit are used for pasture 
and hay, but areas are cultivated along with adjoining 
soils. Soils of the mapping unit are suited to grasses 
and, where drained, to grain crops and legumes. Wet- 
ness, droughtiness caused by the low available water 
capacity, and soil blowing in cultivated areas are the 
main concerns of management. Capability unit IIIw-8; 
windbreak suitability group 2. 


Fram Series 


The Fram series consists of deep, nearly level, gently 
sloping and gently undulating, somewhat poorly 
drained, calcareous soils that formed in medium- 


textured glacial till. These soils are on glacial till plains 
(fig. 11). 
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Figure 11.—Profile of Fram loam, a deep, somewhat poorly 
drained, calcarcous soil that formed in friable glacial till. 
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In a representative profile the surface layer is dark- 
gray loam about 6 inches thick. The substratum is 
light-gray, friable loam in the upper 16 inches and 
mottled, light yellowish-brown loam in the lower 38 
inches, 

Permeability is moderate, and the available water 
capacity is high. The organic-matter content is high, 
and fertility is medium. The water table is within 5 
feet of the surface most of the year and just below the 
surface in spring and early in summer. Tillage is often 
delayed in spring because of wetness. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Fram loam, 0 to 3 percent 
slopes, in a cultivated field, 150 feet south and 160 
feet east of the northwest corner of the SW!/4, sec. 32, 
T. 148 N., R. 67 W., Eddy County: 


Ap—0 to 6 inches, dark-gray (10YR 4/1) loam, black 
(LOYR 2/1) moist; moderate, medium, subangu- 
lar blocky structure; slightly hard, friable, slightly 
sticky and slightly plastic; many roots; strongly 
effervescent; mildly alkaline; abrupt, smooth 
boundary. 

Clca—6 to 10 inches, light-gray (1LOYR 7/1) loam, gray- 
ish brown (10YR 5/2) moist; weak, very coarse, 
prismatic structure parting to weak, coarse, 
subangular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; common roots; few 
dark grayish-brown (10YR 4/2, moist) tongues 
of A horizon material; violently effervescent; 
mildly alkaline; gradual, wavy boundary. 

C12ca—10 to 22 inches, light-gray (2.5Y 7/2) loam, grayish 
brown (2.5Y 5/2) moist; weak, very coarse, pris- 
matic structure parting to weak, coarse, subangu- 
lar blocky; slightly hard, friable, slightly sticky 
and slightly plastic; common to few roots with 
increasing depth; violently effervescent; moder- 
ately alkaline; diffuse, wavy boundary. 
to 60 inches, light yellowish-brown (2.5Y 6/4) 
loam, light olive brown (2.5Y 5/4) moist; few, 
fine, distinet, yellowish-brown (10YR 5/8, moist) 
mottles; weak, coarse and medium, subangular 
blocky structure; slightly hard, friable, slightly 
sticky and slightly plastic; strongly effervescent; 
strongly alkaline. 


C38—22 


The A horizon ranges from 6 to 14 inches in thickness. 
Tt is dark-gray or very dark gray loam, fine sandy loam, or 
silt loam. Typically it is calcareous and has an accumula- 
tion of lime in the lower part, but it is noncaleareous in 
some places. The Cea horizon ranges from 6 to 20 inches 
in thickness, It is light-gray, gray, or light brownish-gray 
sandy loam, fine sandy loam, loam, or silt loam. It has 
moderate or weak prismatic structure that parts to mod- 
erate or weak angular or subangular blocky structure. 
The lower part of the C horizon is mottled, light olive 
brown or light yellowish brown and contains thin strata 
of sand in some places. Pebbles occur throughout many 
profiles, but some are pebble free. In some places gypsum 
and soluble salts in the A horizon and Cea horizon ad- 
versely affect plant growth. 

Fram soils are adjacent to Emrick, Tonka, Wyard, and 
Wyndmere soils in many places. Unlike the Emrick, Tonka, 
and Wyard soils, they lack a B horizon. They have a pro- 
file similar to Wyndmere soils, but they formed in glacial 
till containing less sand than the glaciofluvial deposits in 
which Wyndmere soils formed. 


Fram loam, 0 to 3 percent slopes (FrA}—This soil is 
on glacial till plains. It has the profile described as rep- 
resentative of the series. 

Included with this soil in mapping are small areas of 
Emrick soils and Heimdal soils in slightly higher po- 
sitions, areas of Tonka soils and Wyard soils in 
depressions that are identified on the soil map by a 


diamond symbol, and areas of Vallers soils in slightly 
lower positions. Also included are small areas of saline 
and claypan soils. Soils in many cultivated areas have 
a lighter colored surface layer. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is severe. 

Most areas of this soil are cultivated; those that are 
adjacent to more poorly drained soils are used for 
pasture and hay. This soil is suited to. grain crops, 
grasses, and legumes. Wetness and soil blowing are the 
main concerns of management. Capability unit Iles— 
4L; windbreak suitability group 1. 

Fram loam, 3 to 6 percent slopes (FrB)—This soil is 
on glacial till plains. 

Included with this soil in mapping are small areas 
of Emrick soils and Heimdal soils on summits and 
shoulder slopes, areas of Tonka soils and Wyard soils 
in depressions that are identified on the soil map by a 
diamond symbol, and areas of Vallers soils in poorly 
drained concave positions. Also included are small 
areas of saline and claypan soils. Soils in many culti- 
vated areas have a lighter colored surface layer. 

Surface runoff is medium, and water ponds in de- 
pressions. The hazard of soil blowing is severe. 

Most areas of this soil are cultivated; those that are 
adjacent to more poorly drained soils are used for pas- 
ture and hay. This soil is suited to grain crops, grasses, 
and legumes. Surface runoff, wetness in depressions, 
and soil blowing are the main concerns of management. 
Capability unit Iles—-4L; windbreak suitability group 1. 

Fram loam, saline (Fs|—This soil is nearly level and 
is on glacial till plains. It has a profile similar to the 
one described as representative of the series, but the 
surface layer and the upper part of the substratum 
contain soluble salts that adversely affect plant growth. 

Included with this soil in mapping are smal] areas 
of nonsaline Fram soils, areas of Emrick soils and 
Heimdal soils in slightly higher positions, areas of 
Tonka soils and Wyard soils in depressions that are 
identified on the soil map by a diamond symbol, and 
areas of Vallers soils in slightly lower positions. Also 
included are small areas of claypan soils. Soils in many 
cultivated areas have a lighter colored surface layer. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is severe. 

Most areas of this soil are cultivated; those that are 
adjacent to more poorly drained soils are used for pas- 
ture and hay. This soil is suited to salt-tolerant grain 
crops, grasses, and legumes. Wetness, salinity, and soil 
blowing are the main concerns of management. Ca- 
pability unit UIws—4L; windbreak suitability group 
10. 


Fram and Wyndmere fine sandy loams (Fw).—Soils of 
this nearly level, undifferentiated mapping unit are on 
sand-mantled glacial till. Depth of the sand overlying 
the glacial till ranges from less than 6 inches to more 
than 5 feet. These soils have a profile similar to the 
one described as representative of their series, but the 
Fram soil has a fine sandy loam surface layer, and in 
some places the Wyndmere soil has glacial till in the 
substratum, 

Included with these soils in mapping are small areas 
of Emrick soils and Heimdal soils in slightly higher 
positions, areas of Tiffany soils and Vallers soils in 
slightly lower positions, and areas of Tonka soils and 
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Wyard soils in depressions that are identified on the 
soil map by a diamond symbol. Soils in many culti- 
vated areas have a lighter colored surface layer. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is very severe. 

Most areas of this mapping unit are cultivated; 
those that are adjacent to more poorly drained soils 
are used for pasture and hay. These soils, are suited to 
grain crops, grasses, and legumes. Wetness and soil 
blowing are the main concerns of management. Capa- 
bility unit IIs-8; windbreak suitability group 1. 


Gardena Series 


The Gardena series consists of deep, nearly level and 
gently sloping, moderately well drained soils that 
formed in medium-textured glaciofluvial deposits. 
These soils are on glacial outwash plains. 

In a representative profile the surface layer is loam 
about 18 inches thick that is dark gray in the upper 
7 inches and very dark gray below that. The subsoil 
is dark grayish-brown, friable silt loam about 10 inches 
thick. The substratum is 32 inches thick. The upper 8 
inches is light brownish-gray silt loam that has an 
accumulation of lime. The 17 inches below that is light 
yellowish-brown light silt loam. The lowermost 7 
inches is light-gray fine sandy loam. 

Permeability is moderate, and the available water 
capacity is high. The organic-matter content and fer- 
tility are high. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Gardena loam, 0 to 3 per- 
cent slopes, in a cultivated field, 650 feet north and 
200 feet east of the southwest corner of sec. 10, T. 
150 N., R. 65 W., Eddy County: 


Ap—0 to 7 inches, dark-gray (1OYR 4/1) loam, black 
(10YR 2/1) moist; weak, medium, granular struc- 
ture; slightly hard, friable, slightly sticky and 
slightly plastic; many roots; mildly alkaline; 
abrupt, smooth boundary. 

A12—7 to 18 inches, very dark gray (10YR 8/1) loam, 
black (10YR 2/1) moist; weak, medium, pris- 
matic structure parting to weak, medium, sub- 
angular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; many roots; mildly 
alkaline; gradual, wavy boundary. 

B2—18 to 28 inches, dark grayish-brown (10YR 4/2) silt 
loam, very dark grayish brown (10YR 8/2) moist; 
weak, medium, subangular blocky; slightly hard, 
friable, slightly sticky and slightly plastic; com- 
mon roots; mildly alkaline; gradual, wavy bound- 


ary. 
Clca—28 to 386 inches, light brownish-gray (2.5Y 6/2) 
silt loam, grayish brown (2.5Y 5/2) moist; weak, 
medium, prismatic structure parting to weak, me- 
dium subangular blocky; slightly hard, friable, 
slightly sticky and slightly plastic; few roots; 
strongly effervescent; mildly alkaline; gradual, 
wavy boundary. 
to 53 inches, light yellowish-brown (2.5Y 6/4) 
light silt loam, light olive brown (2.5Y 5/4) 
moist; massive; slightly hard, friable, slightly 
sticky and slightly plastic; slightly effervescent; 
moderately alkaline; gradual, wavy boundary. 
to 60 inches, light-gray (2.5Y 7/2) fine sandy 
loam, light brownish-gray (2.5Y 6/2) moist; mas- 
sive; soft, very friable, slightly sticky and slightly 
plastic; slightly effervescent; moderately alkaline. 
The A horizon ranges from 10 to 20 inches in thickness. 
It is dark-gray or very dark gray loam or silt loam. It has 


C2—36 


C3—53 


weak or moderate granular structure in the plow layer 
and weak or moderate prismatic structure that parts to 
weak or moderate subangular blocky structure in the rest 
of the horizon. The B horizon ranges from 8 to 18 inches 
in thickness. It is dark grayish-brown or brown loam or 
silt loam. It has weak or moderate prismatic structure 
that parts to weak or moderate angular and subangular 
block structure. It has an accumulation of lime in the 
lower part in places. The C horizon is light brownish gray, 
light yellowish brown, light gray, or pale yellow. It is 
silt loam or loam, but in some places sand is below a 
depth of about 40 inches, Lime has accumulated in the 
upper part of the C horizon in some places. 

Gardena soils are adjacent to Aberdeen, Eckman, and 
Glyndon soils in many places. They lack an alkaline B2t 
horizon, which is typical of Aberdeen soils. They have a 
thicker A horizon than Eckman soils. They have a B hori- 
zon, which Glyndon soils lack. 

Gardena loam, 0 to 3 percent slopes (GaA}.—This 
soil is on glacial outwash plains, It has the profile de- 
scribed as representative of the series. 

Included with this soil in mapping are small areas 
of Eckman soils in slightly higher positions and areas 
of Glyndon soils in slightly lower positions. 
Surface runoff is slow. The hazard of soil blowing 
is moderate. 

Practically all areas of this soil are cultivated. This 
soil is suited to grain crops, grasses, and legumes. Soil | 
blowing is the main concern of management. Capa- 
bility unit Ile-5; windbreak suitability group 1. 

Gardena loam, 3 to 6 percent slopes (GaB)——This 
soil is on glacial outwash plains. Included in mapping 
are small areas of Eckman soils on summits and 
shoulder slopes. 

_ Surface runoff is medium. The hazard of soil blow- 
ing 1s moderate. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Surface runoff and soil 
blowing are the main concerns of management. Capa- 
bility unit Ife-5; windbreak suitability group 1. 


Glyndon Series 


The Glyndon series consists of deep, nearly level, 
somewhat poorly drained, calcareous soils that formed 
in medium-textured glaciofluvial deposits. These soils 
are on a glacial outwash plains and lake plains. 

In a representative profile the surface layer is dark 
gray and is about 10 inches thick. It is loam in the 
upper part and silt loam in the lower part. The sub- 
stratum is 50 inches thick. The upper 20 inches is light- 
gray, friable silt loam that contains an accumulation 
of lime. The next 12 inches is mottled, grayish-brown 
very fine sandy loam. The lower 18 inches is light 
brownish-gray loamy fine sand. 

Permeability is moderate, and the available water 
capacity is high. The organic-matter content is high, 
and fertility is medium. The water table is within 5 
feet of the surface most of the year; it is just below 
the surface in spring and early in summer. Tillage is 
often delayed in spring and early in summer because 
of wetness. 

These soils are suited to grain crops, grasses, and 
legumes. Where they are saline, they are suited to salt- 
tolerant grasses, 

Representative profile of Glyndon loam, in a culti- 
vated field, 2,200 feet south and 820 feet east of the 
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northwest corner of sec. 15, T. 149 N., R. 62 W., Eddy 
County: 


Ap—0 to 6 inches, dark-gray (10YR 4/1) loam, black 
(10YR 2/1) moist, moderate, fine, granular struc- 
ture and moderate, medium and fine, subangular 
blocky; slightly hard, very friable, slightly sticky 
and slightly plastic; many roots, slightly effer- 
vescent; neutral; abrupt, smooth boundary. 
to 10 inches, dark-gray (10YR 4/1) silt loam, 
black (LOYR 2/1) moist; very coarse, weak, pris- 
matic structure parting to weak, medium and fine, 
angular blocky; slightly hard, very friable, slightly 
sticky «nd slightly eae common roots; strongly 
effervescent; mildly alkaline; gradual, wavy 
boundary. 

Clea—10 to 30 inches, light-gray (10YR 6/1) silt loam, 
dark gray (10YR 4/1) moist, weak, coarse, pris- 
matic structure parting to weak, medium and fine, 
angular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; common _ roots; vio- 
lently effervescent; mildly alkaline; clear, smooth 
boundary. 

IIIC2—30 to 42 inches, grayish-brown (10YR 5/2) very 
fine sandy loam, very dark grayish brown (10YR 
3/2) moist; common, medium, distinct, gray (2.5Y 
6/1, moist) mottles; single grained; soft, very 
friable, nonsticky and nonplastic; strongly effer- 
vescent; mildly alkaline; gradual, wavy boundary. 

IIC3—42 to 60 inches, light brownish-gray (10YR 6/2) 
loamy fine sandy, brown (10YR 5/8) moist; single 
grained; loose, nonsticky and nonplastic; strongly 
effervescent; mildly alkaline. 

The A horizon ranges from 6 to 12 inches in thickness. 
It is dark gray or very dark gray. Typically, it_is cal- 
careous, but it is nonealeareous in some places. The_Cca 
horizon ranges from 10 to 24 inches in thickness. It is 
gray, light-gray, or grayish-brown loam or silt loam. It 
has moderate or weak prismatic structure that parts to 
moderate or weak angular or subangular blocky structure. 
The IIC horizon is grayish brown, light brownish gray, 
or yellowish brown. It is silt loam or very fine sandy 
loam in the upper part and loamy fine sand, fine sand, 
or sand in the lower part. In some places thin strata of 
coarser material are below a depth of about 40 inches. In 
some places gypsum and soluble salts adversely affect plant 
growth, 

Glyndon soils have profile characteristics similar to those 
of Borup and Marysland soils, and they formed in parent 
material similar to that of Gardena soils. They are better 
drained than Rorup and Marysland soils. They lack a B2 
horizon, which is a characteristic of Gardena soils. 


Glyndon loam (Gd).—This soil is nearly level and is 
on glacial outwash plains and lake plains. It has the 
profile described as representative of the series. 

Included with this soil in mapping are small areas 
of Gardena soils in slightly higher positions, areas of 
Borup soils in slightly lower positions, small areas of 
saline and claypan soils, and areas of Lallie soils on 
the lake plain of Stump Lake. Soils in many cultivated 
areas have a lighter colored surface layer, and in a 
few places the soils have a slit loam surface layer. 

Surface runoff is slow, and water ponds in low po- 
sitions. The hazard of soil blowing is severe. 

Most areas of this soil are cultivated; those that 
are adjacent to more poorly drained soils are used for 
pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Wetness and soil blowing are the 
main concerns of management. Capability unit ITes— 
4L; windbreak suitability group 1. 

Glyndon loam, saline (Ge).—This soil is nearly level 
and is on glacial outwash plains and lake plains. It has 
a profile similar to the one described as representative 
of the series, but the surface layer and upper part of 


A1l2—6 


the substratum contain soluble salts that adversely af- 
fect plant growth. 

Included with this soil in mapping are small areas 
of Gardena soils in slightly higher positions, areas of 
Borup soils in slightly lower positions, areas of nonsa- 
line Glyndon soils, small areas of claypan soils, and 
areas of Lallie soils on the lake plain of Stump Lake. 
Soils in many cultivated areas have a lighter colored 
surface layer, and in a few places the soils have a silt 
loam surface layer. 

Surface runoff is slow, and water ponds in low po- 
sitions. The hazard of soil blowing is severe. 

Some areas of this soil are cultivated; those that are 
adjacent to more poorly drained soils are used for pas- 
ture and hay. This soil is suited to salt-tolerant grasses 
and, where drained, to salt-tolerant grain crops. Wet- 
ness, salinity, and soil blowing are the main concerns 
of management. Capability unit [[Iws—4L; windbreak 
suitability group 10. 


Gravel Pit 


Gravel pit (Gp) consists of open excavations from 
which sand and gravel have been or are being removed. 
The areas are of little value in farming but are used by 
wildlife. Pits less than 3 acres in size are shown on the 
soil map by the standard symbol for a pit. Capability 
unit not assigned; windbreak suitability group 10. 


Hamar Series 


The Hamar series consists of deep, nearly level, 
somewhat poorly drained soils that formed in coarse- 
textured glaciofluvial deposits. These soils are in de- 
pressions on glacial outwash plains and sand-mantled 
glacial till. 

In a representative profile the surface layer is about 
18 inches thick. It is very dark gray loamy sand in 
the upper 7 inches and mottled, dark gray loamy sand 
below that. The substratum is 47 inches thick. The 
upper 7 inches is mottled, light brownish-gray loose 
sand. The 20 inches below that is mottled, grayish- 
brown loamy sand. The lower 20 inches is mottled, 
light brownish-gray loamy sand. 

Permeability is rapid, and the available water capac- 
ity is low. The organic-matter content is moderate, 
and fertility is medium. The water table is within 5 
feet of the surface most of the year; it is just below 
the surface in spring and early in summer. Tillage is 
often delayed in spring because of wetness. 

These soils are suited to grasses and, if drained, 
to grain crops and legumes. 

Representative profile of Hamar loamy sand, in a 
cultivated field, 520 feet north and 100 feet west of 
the southeast corner of sec. 2, T. 150 N., R. 63 W., Eddy 
County: 

Ap—0 to 7 inches, very dark gray (10YR 3/1) loamy sand, 
black (10YR 2/1) moist; weak, medium, subangu- 
lar blocky structure parting to weak, fine, crumb; 
soft, very friable, very slightly sticky and non- 
plastic; many roots; slightly acid; abrupt, smooth 
boundary. 

A12—7 to 18 inches, dark-gray (10YR 4/1) loamy sand, 
black (10YR 2/1) moist; common, medium, dis- 
tinct, brown (10YR 5/3, moist) and dark-brown 
(10YR 3/8, moist) mottles; weak, medium, sub- 
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angular blocky structure; soft, very friable, very 
slightly sticky and nonplastic; common roots; 
slightly acid; clear, wavy boundary. 

Cig—13 to 20 inches, light brownish-gray (2.5Y 6/2) 
sand, dark grayish brown (2.5Y 4/2) moist; 
many, fine, faint, dark-brown (10YR 3/8, moist) 
mottles; single grained; loose, nonsticky and non- 
plastic; common roots; slightly acid; gradual, 
smooth boundary 

C2g—20 to 40 inches, grayish-brown (2.5Y 5/2) loamy 
sand, dark grayish brown (2.5Y 4/2) moist; com- 
mon, medium, distinct, dark yellowish-brown 
(10YR 3/4, moist) mottles; single grained; soft, 
very friable, very slightly sticky and nonplastic; 
few roots; slightly acid; gradual, smooth boundary. 

C8g—40 to 60 inches, light brownish-gray (10YR 6/2) 
loamy sand, dark grayish brown (10YR 4/2) 
moist; common, medium, distinct, brown (10YR 
5/3, moist) and dark-brown (10YR 3/38, moist) 
mottles and a few iron concretions; soft, very 
friable, very slightly sticky and nonplastic; 
slightly acid. 


The A horizon ranges from 10 to 20 inches in thickness. 
It is sa aed or very dark gray loamy sand or sandy 
loam. Depth to mottling ranges from 5 to 15 inches but 
typically is about 10 inches. The B horizon, is mottled, 
loamy sand or sand that is as much as 15 inches thick. 
Some profiles do not have a B horizon. The C horizon is 
mottled, light brownish-gray, grayish-brown, light olive- 
brown, or light yellowish-brown loamy sand or sand. 
Typically, the C horizon is noncalcareous, but a zone of 
accumulated lime is in the lower part in some _ places. 
Glacial till is below a depth of about 40 inches where 
these soils are on sand-mantled glacial till. 

In the mapping units Hamar loamy coarse sand (Ha), 
Hamar coarse sandy loam (Hc), and Claire-Lohnes-Hamar 
loamy coarse sands (Ct), the Hamar soils have more 
coarse sand throughout than is in the range defined for 
the Hamar series, but this difference does not alter their 
usefulness or behavior. 

Hamar soils are adjacent to Hecla, Kratka, and Venlo 
soils in many places. They have mottles closer to the sur- 
face than Hecla soils. They lack glacial till within 40 
inches of the surface, which is typical of Kratka soils. 
They are better drained than Venlo soils. 


Hamar loamy coarse sand Mi ate soil is nearly 
level and is in depressions on glacial outwash plains. 
It has a profile similar to the one described as repre- 
sentative of the series, but it contains more coarse 
sand throughout than is in the range defined for the 
Hamar series. 

Included with this soil in mapping are small areas 
of Lohnes soils and Wyrene soils in slightly higher po- 
sitions and areas of Arveson, Fossum, and Venlo soils 
in slightly lower positions. 

Surface runoff is very slow, and water ponds in low 
positions. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated; those that are 
adjacent to more poorly drained soils are used for pas- 
ture and hay. This soil is suited to grasses and, where 
drained, to grain crops and legumes. Wetness, soil blow- 
ing, and droughtiness caused by the low available 
water capacity are the main concerns of management. 
Capability unit IVw-2; windbreak suitability group 2. 

Hamar loamy sand (Hb).—This soil is nearly level 
and is in depressions on glacial outwash plains. It has 
the profile described as representative of the series. 

Included with this soil in mapping are small areas of 
Hecla soils and Wyndmere soils in slightly higher po- 
sitions and areas of Arveson, Fossum, and Venlo soils 
in slightly lower positions. 

Surface runoff is very slow, and water ponds in low 
positions. The hazard of soil blowing is very severe. 


Most areas of this soil are cultivated; those that are 
adjacent to more poorly drained soils are used for pas- 
ture and hay. This soil is suited to grasses and, where 
drained, to grain crops and legumes. Wetness, soil 
blowing, and droughtiness caused by the low available 
water capacity are the main concerns of management. 
Capability unit 1Vw-2; windbreak suitability group 
2 


Hamar coarse sandy loam Be eres soil is nearly 
level and is in depressions on glacial outwash plains. 
It has a profile similar to the one described as repre- 
sentative of the series, but it contains more coarse 
sand throughout than is in the range defined for the 
Hamar series. 

Included with this soil in mapping are small areas 
of Lohnes soils and Wyrene soils in slightly higher 
positions and areas of Arveson, Fossum, and Venlo 
soils in slightly lower positions. 

Surface runoff is very slow, and water ponds in low 
positions. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated; those that are 
adjacent to more poorly drained soils are used for pas- 
ture and hay. This soil is suited to grasses and, where 
drained, to grain crops and legumes. Wetness, soil 
blowing, and droughtiness caused by the low available 
water capacity are the main concerns of management. 
Capability unit IIlw-3; windbreak suitability group 2. 

Hamar sandy loam (Hd).—This soil is nearly level and 
is in depressions on glacial outwash plains. It has a 
profile similar to the one described as representative 
of the series, but the surface layer is sandy loam. 

Included with this soil in mapping are small areas of 
Hecla soils and Wyndmere soils in slightly higher po- 
sitions and areas of Arveson, Fossum, and Venlo soils 
in slightly lower positions. 

Surface runoff is very slow, and water ponds in low 
positions. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated; those that are 
adjacent to more poorly drained soils are used for pas- 
ture and hay. This soil is suited to grasses and, where 
drained, to grain crops and legumes. Wetness, soil 
blowing, and droughtiness caused by the low available 
water capacity are the main concerns of management. 
Capability unit IIIw—3; windbreak suitability group 2. 


Hamerly Series 


This series consists of deep, nearly level and gently 
undulating, somewhat poorly drained, calcareous soils 
that formed in medium textured and moderately fine 
textured glacial till. These soils are on glacial till plains. 

In a representative profile the surface layer is dark- 
gray loam about 7 inches thick. The substratum is 53 
inches thick. The upper 18 inches is light-gray, friable 
loam that contains an accumulation of lime. The lower 
40 inches is light brownish-gray loam that contains 
mottles below a depth of 36 inches. 

Permeability is moderately slow, and the available 
water capacity is high. The organic-matter content is 
high, and fertility is medium. The water table is 
within 5 feet of the surface most of the year; it is just 
below the surface in spring and early in summer. Till- 
age is often delayed in spring because of wetness. 

These soils are suited to grain crops, grasses, and 
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legumes, except in saline areas where they are suited 
to salt-tolerant grasses. 

Representative profile of Hamerly loam, 0 to 3 per- 
cent slopes, in a cultivated area, 130 feet north and 
550 feet west of the southeast corner of the NEI, sec. 
33, T. 150 N., R. 67 W., Eddy County: 


Ap—0 to 7 inches, dark-gray (10YR 4/1) loam, black 
(1OYR 2/1) moist; weak, fine, granular and crumb 
structure; slightly hard, friable, slightly sticky 
and slightly plastic; many roots; strongly effer- 
vescent; mildly alkaline; abrupt, smooth boundary. 

Clea—7 to 20 inches, light-gray (2.5Y 7/2) loam, grayish 
brown (2.5Y 5/2) moist; weak, coarse, prismatic 
structure parting to weak, fine and medium, sub- 
angular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; common roots; vio- 
lently effervescent; mildly alkaline; gradual wavy 
boundary. 

C2—20 to 86 inches, ight brownish-gray (2.5Y 6/2) loam, 
light olive brown (2.5Y 5/4) moist; weak, coarse, 
prismatic structure parting to weak, medium, sub- 
angular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; few roots; strongly 
effervescent; moderately alkaline; gradual, wavy 
boundary. ; 

C3—86 to 60 inches, light brownish-gray (2.5Y 6/2) loam, 
light olive brown (2.5Y 5/4) moist; common, 
fine, distinct, yellowish-brown (10YR 5/6, moist) 
mottles; massive; hard, firm, slightly sticky and 
slightly plastic; strongly effervescent; moderately 
alkaline. 

The A horizon ranges from 6 to 14 inches in thickness. 
It is dark gray or very dark gray. Typically, it is cal- 
careous and has an accumulation of lime in the lower 
part, but it is nonealeareous in some places. The Cea hori- 
zon is gray or light-gray loam or silt loam 10 to 20 inches 
thick; it is mottled in some places. It has weak or mod- 
erate prismatic structure that parts to weak or moderate 
angular or subangular blocky structure. The C horizon 
is light olive-brown or light brownish-gray loam or clay 
loam. Mottles are in some part of the C horizon in most 
places. In some places the A horizon or the Cca horizon 
contains gypsum and soluble salts, which adversely affect 
plant growth. 

Hamerly soils are adjacent to Svea, Tonka, and Vallers 
soils in many places. They lack a B horizon, which is 
typical of Svea soils and Tonka soils. They are better 
drained than Vallers soils. 

Hamerly loam, 0 to 3 percent slopes (HeA).—This 
soil is on glacial till plains. It has the profile described 
as representative of the series. 

Included with this soil in mapping are small areas 
of Barnes soils and Svea soils in slightly higher posi- 
tions, areas of Vallers soils in slightly lower positions, 
and areas of Tonka soils in depressions that are identi- 
fied on the soil map by a diamond symbol. Also included 
are small areas of saline and claypan soils. Soils in 
many cultivated areas have a lighter colored surface 
layer. 

Surface runoff is slow, and water ponds in depres- 
sions, The hazard of soil blowing is severe. 

Most areas of this soil are cultivated; those that are 
adjacent to more poorly drained soils are used for pas- 
ture and hay. This soil is suited to grain crops, grasses, 
and legumes. Wetness and soil blowing are the main 
concerns of management. Capability unit Tes—4L; 
windbreak suitability group 1. 

Hamerly loam, 3 to 6 percent slopes (HeB).—This 
soi] is on glacial till plains. 

Included with this soil in mapping are small areas 
of Barnes soils and Svea soils in slightly higher po- 
sitions, areas of Vallers soils in poorly drained concave 


positions, and areas of Tonka soils in depressions that 
are identified on the soil map by a diamond symbol. 
Also included are small areas of saline and claypan 
soils. Soils in many cultivated areas have a lighter 
colored .surface layer. In a few areas, the soils have 
slopes of 6 to 9 percent. 

Surface runoff is medium, and water ponds in de- 
pressions, The hazard of soil blowing is severe. 

Most areas of this soil are cultivated; those that are 
adjacent to more poorly drained soils are used for pas- 
ture and hay. This soil is suited to grain crops, grasses, 
and legumes. Surface runoff, wetness in depressions, 
and soil blowing are the main concerns of management. 
Capability unit Tes—4L; windbreak suitability group 1. 

Hamerly loam, saline (Hf)—This soil is nearly level 
and is on glacial till plains. It has a profile similar to 
the one described as representative of the series, but 
the surface layer and the upper part of the substratum 
contain soluble salts that adversely affect plant growth. 

Included with this soil in mapping are small areas of 
nonsaline Hamerly soils and Cresbard soils in positions 
similar to those of Hamerly loam, saline, soils. Also 
included are areas of Barnes soils and Svea soils in 
slightly higher positions, areas of Vallers soils and 
Cavour soils in poorly drained concave positions, and 
areas of Tonka soils in depressions that are identified 
on the soil map by a diamond symbol. Soils in many 
cultivated areas have a lighter colored surface layer. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is severe. 

Most areas of this soil are cultivated; those that are 
adjacent to more poorly drained soils are used for pas- 
ture and hay. This soil is suited to salt-tolerant grasses 
and, where drained, to grain crops and legumes. Wet- 
ness, salinity, and soil blowing are the main concerns 
of management. Capability unit IIlws—4L; windbreak 
suitability group 10. 

Hamerly-Svea loams, 0 to 3 percent slopes (HgA)— 
Soils of this mapping unit are on glacial till plains. 
Hamerly soils, in convex positions, make up about 55 
percent of the mapping unit, and Svea soils; in concave 
and level positions, make up about 30 percent. 

Included with these soils in mapping are small areas 
of Barnes soils in convex positions, areas of Vallers 
soils in poorly drained concave positions, and areas of 
Tonka soils in depressions that are identified on the 
soil map by a diamond symbol. Also included are small 
areas of saline and claypan soils. Some Hamerly soils 
in cultivated areas have a lighter colored surface layer. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is severe on the Ham- 
erly soils and slight on the Svea soils. 

Most areas of this mapping unit are cultivated, but 
some are used for pasture and hay. The soils are suited 
to grain crops, grasses, and legumes. Wetness and soil 
blowing are the main concerns of management. Capa- 
bility unit IIles-4L; windbreak suitability group 1. 

Hamerly-Svea loams, 3 to 6 pereent slopes (HgB).— 
Soils of this mapping unit are on glacial till plains. 
Hamerly soils, in convex positions, make up about 45 
percent of the mapping unit, and Svea soils, in con- 
cave and level positions, make up about 35 percent. 

Included with these soils in mapping are small areas 
of Barnes soils on summits and shoulder slopes, areas 
of Vallers soils in poorly drained concave positions, and 
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areas of Tonka soils in depressions that are identified 
on the soil map by a diamond symbol. Also included 
are small areas of saline and claypan soils. Some Ha- 
merly soils in cultivated areas have a lighter colored 
surface layer. 

Surface runoff is medium, and water ponds in de- 
pressions. The hazard of soil blowing is severe on the 
Hamerly soils and slight on the Svea soils. 

Most areas of this mapping unit are cultivated, but 
some are used for pasture and hay. The soils are suited 
to grain crops, grasses, and legumes. Surface runoff, 
wetness in depressions, and soil blowing are the main 
concerns of management. Capability unit IlIes—4L; 
windbreak suitability group 1. 


Hecla Series 


The Hecla series consists of deep, nearly level, gently 
sloping and gently undulating, moderately well drained 
soils that formed in coarse-textured glaciofluvial de- 
posits. These soils are on glacial outwash plains and 
sand-mantled glacial till plains. 

In a representative profile the surface layer is very 
dark gray loamy sand about 16 inches thick. The layer 
below that is dark grayish-brown, very friable loamy 
sand about 16 inches thick. The substratum is grayish- 
brown and mottled; it is fine sand in the upper 18 
inches and loamy sand in the lower 10 inches. 

Permeability is rapid, and the available water ca- 
pacity is low. The organic-matter content is moderate, 
and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Hecla loamy sand, in an 
area of Hecla-Hamar loamy sands, in a cultivated field, 
600 feet north and 800 feet west of the southeast cor- 
ner of the SWI, sec. 15, T. 150 N., R. 62 W., Eddy 
County: 


Ap—0 to 8 inches, very dark gray (10YR 3/1) loamy 
sand, black (10YR 2/1) moist; weak, very fine, 
crumb structure; soft, very friable, very slightly 
sticky and nonplastic; many roots; slightly acid; 
abrupt, smooth boundary. 

A12—8 to 16 inches, very dark gray (10YR 3/1) loamy 
sand, black (LOYR 2/1) moist; weak, coarse, 
subangular blocky structure; soft, very friable, 
very slightly sticky and nonplastic; common roots; 
slightly acid; clear, smooth boundary. 

AC--16 to 382 inches, dark grayish-brown (10YR 4/2) 
loamy sand, very dark brown (10YR 2/2) moist; 
weak, coarse and medium, subangular blocky 
structure; soft, very friable, very slightly sticky 
and nonplastic; common roots; slightly acid; grad- 
ual, wavy boundary. 

C1—82 to 50 inches, grayish-brown (10YR 5/2) fine sand, 
very dark grayish brown (10YR 3/2) moist; 
few, fine, faint, yellowish-brown (10YR 5/6, moist) 
mottles; single grained; loose, nonsticky and non- 

lastic; few roots; slightly acid; gradual, wavy 
oundary. 

C2—50 to 60 inches, grayish-brown (2.5Y 5/2) loamy sand, 
very dark grayish brown (2.5Y 3/2) moist; few, 
fine, faint, yellowish-brown (1O0YR 5/6, moist) 
mottles; single grained; loose, very slightly sticky 
and nonplastic; neutral. 


The A horizon ranges from 15 to 30 inches in thickness. 
It is dark-gray or very dark gray loamy sand, loamy fine 
sand, sandy loam, or fine sandy loam. The AC horizon 
ranges from 6 to 10 inches in thickness. It is dark grayish- 
brown, brown, or dark-gray loamy sand or loamy fine sand. 


Mottles are in the lower part of the A horizon and the 
AC horizon in places. The C horizon is grayish-brown, 
dark grayish-brown, light olive-brown, light yellowish- 
brown, or brown loamy fine sand, loamy sand, fine sand, or 
sand. The C horizon is mottled throughout in most places. 
Lime has accumulated in the C horizon in some places, 
but in most places this horizon is noncalcareous. Thin 
strata of fine to coarse sand are in the C horizon in places. 
Glacial till is below a depth of 40 inches in some places. 
Heela soils are adjacent to Dickey, Hamar, and Mad- 
dock soils in many places. Unlike Dickey soils, they lack 
glacial till between depths of 20 and 40 inches. They are 
better drained than Hamar soils. They have a thicker A 
horizon and are not so well drained as Maddock soils. 

Hecla loamy sand, 0 to 3 percent slopes (HhA).—This 
soil is on glacial outwash plains. 

Included with this soil in mapping are small areas 
of Maddock soils and Claire soils in slightly higher 
convex positions, areas of Hamar soils and Wyndmere 
soils in lower concave positions, and areas of Lohnes 
soils in positions similar to those of Hecla soils. Also 
included are areas of soils that have been reworked to 
some extent by soil blowing. 

Surface runoff is slow, and water ponds in low 
places. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing, wetness in 
low positions, and droughtiness caused by the low 
available water capacity are the main concerns of 
management. Capability unit IVe-2; windbreak 
suitability group 1. 

Hecla loamy sand, 3 to 6 percent slopes {HhB}—This 
soil is on glacial outwash plains. 

Included with this soil in mapping are small areas 
of Maddock soils and Claire soils on summits and 
shoulder slopes, areas of Hamar soils and Wyndmere 
soils in concave positions, and areas of Lohnes soils 
in positions similar to those of Hecla soils. Also in- 
cluded are areas of soils that have been reworked to 
some extent by soil blowing. 

Surface runoff is medium, and water ponds in low 
places. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing, surface run- 
off, wetness in low positions, and droughtiness caused 
by the low available water capacity are the main con- 
cerns of management. Capability unit [Ve-2; wind- 
break suitability group 1. 

Hecla sandy loam, 0 to 3 percent slopes (HkA).—This 
soil is on glacial outwash plains. It has a profile similar 
to the one described as representative of the series, 
but it has a surface layer of sandy loam. 

Included with this soil in mapping are small areas 
of Maddock soils and Claire soils in slightly higher 
convex positions, areas of Hamar soils and Wyndmere 
soils in lower concave positions, and areas of Lohnes 
soils in positions similar to those of Hecla soils. Also 
included are areas of soils that have been reworked to 
some extent by soil blowing. 

Surface runoff is slow, and water ponds in low places. 
The hazard of soil blowing is very severe.. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing, wetness in 
low positions, and droughtiness caused by the low 
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available water capacity are the main concerns of 
management. Capability unit JITe-3; windbreak 
suitability group 1. 

Heela sandy loam, 3 to 6 percent slopes (HkB).—This 
soil is on glacial outwash plains. It has a profile simi- 
lar to the one described as representative of the series, 
but it has a surface layer of sandy loam. 

Included with this soil in mapping are small areas 
of Maddock soils and Claire soils on summits and 
shoulder slopes, areas of Hamar soils and Wyndmere 
soils in concave positions, and areas of Lohnes soils 
in positions similar to those of Hecla soils. Also in- 
cluded are areas of soils that have been reworked to 
some extent by soil blowing. 

Surface runoff is medium, and water ponds in low 
places. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing, surface run- 
off, wetness in low positions, and droughtiness caused 
by the low available water capacity are the main con- 
cerns of management. Capability unit IIJe-3; wind- 
break suitability group 1. 

Hecla-Dickey fine sandy loams, 3 to 6 percent slopes 
(HIB).—Soils of this mapping unit are on sand-mantled 
glacial till. The Hecla soil has a profile similar to the 
one described as representative of the series, but it 
has a surface layer of fine sandy loam. The Dickey soil 
has the profile described as representative of the series. 
Hecla soils, on foot slopes and toe slopes, make up about 
45 percent of the mapping unit, and Dickey soils, on 
back slopes, make up about 40 percent. 

Included with these soils in mapping are small areas 
of Heimdal soils and Maddock soils on summits and 
shoulder slopes, areas of Emrick soils on foot slopes 
and toe slopes, and areas of Hamar soils and Kratka 
soils in shallow swales. Also included are areas of soils 
that have been reworked to some extent by soil blow- 
ing. 

‘Cueiae runoff is medium, and water ponds in low 
places. The hazard of soil blowing is very severe. 

Some areas of this mapping unit are cultivated, but 
others are used for pasture and hay. The soils are 
suited to grain crops, grasses, and legumes. Soil blow- 
ing, surface runoff, wetness in low positions, and 
droughtiness caused by the low available water capac- 
ity are the main concerns of management. Capability 
unit IIle-3M; Hecla soil is in windbreak suitability 
group 1, Dickey soil is in windbreak suitability group 
5 


Heela-Hamar loamy sands (Hm)—Soils of this nearly 
level mapping unit are on glacial outwash plains. The 
Hecla soil has the profile described as representative 
of the series. Hecla soils, in convex positions, make up 
about 40 percent of the mapping unit, and Hamar soils, 
in concave positions, make up about 35 percent. 

Included with these soils in mapping are small areas 
of Maddock soils in convex positions, areas of Fossum 
soils and Wyndmere soils in concave positions, and 
areas of Arveson soils and Venlo soils in poorly drained 
depressions. Also included are areas of soils that have 
been reworked by soil blowing. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is very severe. 

Some areas of this mapping unit are cultivated, and 


others are used for pasture and hay. The soils are 
suited to grain crops, grasses, and legumes. Soil blow- 
ing, wetness in concave positions, and droughtiness 
caused by the low available water capacity are the 
main concerns of management. Capability unit IVe- 
2; Hecla soil is in windbreak suitability group 1, Ha- 
mar soil is in windbreak suitability group 2. 

Heela-Maddock loamy sands, 0 to 3 percent slopes 
(HnA).—Soils of this mapping unit are on glacial out- 
wash plains. The Maddock soil has a profile similar to 
the one described as representative of the series, but 
it has a surface layer of loamy sand. Hecla soils, in 
level and concave positions, make up about 65 percent 
of the mapping unit, and Maddock soils, in convex po- 
sitions, make up about 25 percent. 

Included with these soils in mapping are small areas 
of Lohnes soils in level and concave positions, areas 
of Claire soils in convex positions, and areas of Hamar 
soils in shallow swales. Also included are areas of soils 
that have been reworked by soil blowing. 

Surface runoff is slow, and water ponds in shallow 
swales. The hazard of soil blowing is very severe. 

Most areas of this mapping unit are cultivated, but 
some are used for pasture and hay. The soils are suited 
to grain crops, grasses, and legumes. Soil blowing, 
wetness in shallow swales, and droughtiness caused by 
the low available water capacity are the main concerns 
of management. Capability unit 1Ve—2; Hecla soil is 
in windbreak suitability group 1, Maddock soil is in 
windbreak suitability group 5. 

Hecla-Maddock loamy sands, 3 to 6 percent slopes 
(HnB)—Soils of this mapping unit are on glacial out- 
wash plains. The Maddock soil has a profile similar to 
the one described as representative of the series, but 
it has a surface layer of loamy sand. Hecla soils, on 
foot slopes and toe slopes, make up about 50 percent 
of the mapping unit, and Maddock soils, on shoulder 
slopes and back slopes, make up about 40 percent. 

Included with these soils in mapping are small areas 
of Lohnes soils on foot slopes and toe slopes, areas of 
Claire soils on shoulder slopes and back slopes, and 
areas of Hamar soils in swales. Also included are areas 
of soils that have been reworked by soil blowing. 

Surface runoff is medium, and water ponds in swales. 
The hazard of soil blowing is very severe. 

Some areas of this mapping unit are cultivated, and 
others are used for pasture and hay. The soils are 
suited to grain crops, grasses, and legumes. Soil blow- 
ing, wetness in Swales, surface runoff, and droughti- 
ness caused by the low available water capacity are the 
main concerns of management. Capability unit IVe— 
2; Hecla soil is in windbreak suitability group 1, Mad- 
dock soil is in windbreak suitability group 5. 


Heimdal Series 


The Heimdal series consists of deep, nearly level to 
steep, well-drained soils that formed in medium- 
textured glacial till. These soils are on glacial till plains 
and sand-mantled glacial till plains. 

In a representative profile the surface layer is dark- 
gray loam about 7 inches thick. The subsoil is friable 
loam about 9 inches thick; it is dark grayish brown in 
the upper part and pale brown in the lower part. The 
substratum is 44 inches thick. The upper 9 inches is 
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light-gray loam that has an accumulation of lime. The 
25 inches below that is mottled, light olive-brown 
loam. The lowermost 10 inches is mottled, light 
brownish-gray loam. 

Permeability is moderate, and the available water 
capacity is high. The organic-matter content is high, 
and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes, except on steep slopes where they are better 
suited to grasses than to most other uses. 

Representative profile of Heimdal loam, in an area 
of Heimdal-Emrick loams, 0 to 3 percent slopes, in a 
cultivated field, 225 feet south and 0.1 mile west of the 
northeast corner of sec. 25, T. 148 N., R. 67 W., Eddy 
County: 


Ap—0 to 7 inches, dark-gray (10YR 4/1) loam, black 
(1LOYR 2/1) moist; moderate, medium, crumb 
structure; slightly hard, friable, slightly sticky and 
slightly plastic; many roots; neutral; abrupt, 
smooth boundary. 
to 12 inches, dark grayish-brown (10YR 4/2) 
loam, very dark grayish brown (10YR 3/2) moist; 
moderate, medium, prismatic structure parting to 
moderate, medium, subangular blocky; slightly 
hard, friable, slightly sticky and slightly plastic; 
common roots; patchy organic stains on faces of 
prisms; neutral; clear, wavy boundary. 

B22—12 to 16 inches, pale-brown (10YR 6/3) loam, dark 
brown (10YR 4/3) moist; moderate, medium, pris- 
matic structure parting to moderate, medium, sub- 
angular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; common roots; neutral; 
clear, wavy boundary. 

Cica—16 to 25 inches, light-gray (2.5Y 7/2) loam, light 
olive brown (2.5Y 5/4) moist; weak, medium, 
prismatic structure parting to weak, medium, sub- 
angular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; few roots; violently 
effervescent; mildly alkaline; gradual, wavy bound- 
ary. 

C2—25 to 50 inches, light olive-brown (2.5Y 5/4) loam, 
olive brown (2.5Y 4/4) moist; few, medium, faint, 
yellowish-brown (10YR 5/6, moist) mottled; mas- 
sive; hard, friable, slightly sticky and_ slightly 
plastic; strongly effervescent; moderately alka- 
line; gradual, wavy boundary. 

C8—50 to 60 inches, light brownish-gray (2.5Y 6/2) loam, 
olive brown (2.5Y 4/4) moist; few, medium, dis- 
tinct, yellowish-brown (10YR 5/6, moist) mottles; 
massive; hard, friable, slightly sticky and slightly 
plastic; common segregations of lime and pockets 
ot eypan crystals; strongly effervescent; mildly 
alkaline. 


The A horizon ranges from 5 to 10 inches in thickness. 
It is dark-gray or very dark gray loam, silt loam, fine 
sandy loam, or sandy loam. The B horizon ranges from 6 
to 16 inches in thickness, It is dark grayish-brown, brown, 
or pale-brown loam or silt loam. The upper part of the 
B horizon is fine sandy loam or sandy loam in places. It 
has moderate or weak prismatic structure that parts to 
moderate or weak angular or subangular blocky structure. 
The Cca horizon is loam or silt loam. The C horizon is 
light gray, light brownish gray, light brown, light olive 
brown, light yellowish brown, or pale yellow. In most places, 
lime has accumulated in the upper part and mottles are 
below the lime. Pebbles occur throughout the profile in 
many places, but some profiles are free of pebbles. Thin 
strata of sand are in the C horizon in places. 

Heimdal soils are adjacent to Barnes, Emrick, and Es- 
mond soils in many places. They have a profile similar to 
that of Barnes and Emrick soils. They are better drained 
than Emrick soils. They have a B horizon and the Esmond 
soils do not. They contain less clay in the A horizon and 
B horizon than Barnes soils. 


B21—7 


Heimdal sandy loam, 0 to 3 percent slopes [HoA)— 


This soil is on sand-mantled glacial till It has a pro- 
file similar to the one described as representative of 
the series, but the surface layer, and in some places 
the upper part of the subsoil, is sandy loam. 

Included with this soil in mapping are small areas 
of Egeland soils and Heimdal loam in convex positions, 
areas of Embden, Emrick, and Swenoda soils in con- 
cave positions, areas of Kratka, Tiffany, Tonka, and 
Wyard soils in swales and depressions that are identi- 
fied on the soil map by a diamond symbol, and areas 
of Fram soils and Wyndmere soils around the edges 
of some of the depressions. Also included are areas of 
soils that have been reworked to some extent by soil 
blowing. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated. This soil is 
suited to grain crops, grasses, and legumes. Soil blow- 
ing and wetness in swales and depressions are the main 
concerns of management. Capability unit II]Ie-3M; 
windbreak suitability group 8. 

Heimdal sandy loam, 3 to 6 percent slopes (HoB)— 
This soil is on sand-mantled glacial till. It has a profile 
similar to the one described as representative of the 
series, but the surface layer, and in some places the 
upper part of the subsoil, is sandy loam. 

Included with this soil in mapping are small areas 
of Heimdal loam and Egeland soil on summits, shoul- 
der slopes, and back slopes, areas of Embden, Emrick, 
and Swenoda soils on foot slopes and toe slopes, areas 
of Kratka, Tiffany, Tonka, and Wyard soils in swales 
and depressions that are identified on the soil map by 
a diamond symbol and areas of Fram soils and Wynd- 
mere soils around the edges of some of the depressions. 
Also included are areas of soils that have been reworked 
to some extent by soil blowing. Soils on summits and 
shoulder slopes in many cultivated areas have a lighter 
colored surface layer. 

Surface runoff is medium, and water ponds in swales 
and depressions. The hazard of soil blowing is very 
severe. 

Most areas of this soil are cultivated. This soil is 
suited to grain crops, grasses, and legumes. Soil blow- 
ing, surface runoff, and wetness in swales and de- 
pressions are the main concerns of management. 
Capability unit IIe-38M ; windbreak suitability group 3. 

Heimdal sandy loam, 6 to 9 percent slopes (HoC}— 
This soil is on sand-mantled glacial till. It has a profile 
similar to the one described as representative of the 
series, but the surface layer, and in some places the 
upper part of the subsoil, is sandy loam. 

Included with this soil in mapping are small areas 
of Heimdal loam and Esmond soils on summits and 
shoulder slopes, areas of Egeland soils on back slopes, 
and areas of Embden, Emrick, and Swenoda soils on 
foot slopes and toe slopes. Also included are areas of 
soils that have been reworked to some extent by soil 
blowing. Soils on summits and shoulder slopes in many 
cultivated areas have a lighter colored surface layer. 

Surface runoff is rapid. The hazard of soil blowing 
is very severe. 

Some areas of this soil are cultivated, but others 
are used for pasture and hay. This soil is suited to 
close-growing grain crops, grasses, and legumes. Sur- 
face runoff and soil blowing are the main concerns of 
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management. Capability unit IVe-3M; windbreak 
suitability group 3. : 

Heimdal loam, 0 to 3 percent slopes (HpA).—This 
soil is on glacial till plains. 

Included with this soil in mapping are small areas of 
Emrick soils in concave positions. Also included are 
areas of Tonka soils and Wyard soils in depressions, 
which are identified on the soil map by a diamond sym- 
bol, and areas of Fram soils around the edges of some 
of the depressions. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is moderate. 

Most areas of this soil are cultivated. This soil is 
suited to grain crops, grasses, and legumes. Wetness 
in depressions and soil blowing are the main concerns 
of management. Capability unit Ile-5; windbreak 
suitability group 3. ; 

Heimdal loam, 3 to 6 percent slopes (HpB8)—This 
soil is on glacial till plains. 

Included with this soil in mapping are small areas 
of Esmond soils on summits and shoulder slopes, areas 
of Emrick soils on foot slopes and toe slopes, areas of 
Parnell, Tonka, and Wyard soils in depressions that 
are identified on the soil map by a diamond symbol, 
and areas of Fram soils around the edges of some of 
the depressions. Soils on summits and shoulder slopes 
in many cultivated areas have a lighter colored sur- 
face layer. : 

Surface runoff is medium, and water ponds in de- 
pressions. The hazard of soil blowing is moderate. 

Most areas of this soil are cultivated. This soil is 
suited to grain crops, grasses, and legumes. Surface 
runoff, wetness in depressions, and soil blowing are 
the main concerns of management. Capability unit 
Tle—5; windbreak suitability group 3. : 

Heimdal loam, 6 to 9 percent slopes (HpC}—This 
soil is on glacial till plains. 

Included with this soil in mapping are small areas 
of Esmond soils on summits and shoulder slopes and 
areas of Emrick soils on foot slopes and toe slopes. Also 
included are soils, on summits and shoulder slopes in 
many cultivated areas, that have a lighter colored sur- 
face layer. Some drainageways are gullied. About 
15 percent of this mapping unit is moderately eroded. 

Surface runoff is rapid. The hazard of soil blowing 
is moderate. 

Some areas of this soil are cultivated, but others 
are used for pasture and hay. This soil is suited to 
close-growing grain crops, grasses, and legumes. Sur- 
face runoff and soil blowing are the main concerns of 
management. Capability unit II]Ie-5; windbreak suit- 
ability group 3. 

Heimdal-Embden fine sandy loams, 9 to 15 percent 
slopes (HrD}—Soils of this mapping unit are on sand- 
mantled glacial till. These soils have a profile similar 
to the one described as representative of their series, 
but the surface layer, and in some places the upper part 
of the subsoil, of the Heimdal soils in fine sandy loam, 
and the surface layer of the Embden soils is fine sandy 
loam. Heimdal soils, on shoulder slopes and back slopes, 
make up about 45 percent of the mapping unit, and 
Embden soils, on foot slopes and toe slopes, make up 
about 35 percent. 

Included with these soils in mapping are small areas 
of Esmond soils on summits and shoulder slopes, Ege- 


land soils on back slopes, Emrick soils and Swenoda 
soils on foot slopes and toe slopes, Kratka, Tiffany, 
Tonka, and Wyard soils in swales and depressions that 
are identified on the soil map by a diamond symbol, 
and areas of Fram soils and Wyndmere soils around 
the edges of some of the depressions. Cobblestones, 
stones, and boulders are on the summits and shoulder 
slopes in many areas. Soils on summits and shoulder 
slopes in many cultivated areas have a lighter colored 
surface layer. In some areas the soils have been re- 
worked to some extent by soil blowing. 

Surface runoff is very rapid, and water ponds in 
depressions. The hazard of soil blowing is very severe. 

Most areas of this mapping unit are used for pas- 
ture, but a few areas are cultivated. The soils are bet- 
ter suited to grasses than to most other uses, but grain 
crops and legumes can be grown. Surface runoff, wet- 
ness in depressions, and soil blowing are the main 
concerns of management. Capability unit IVe-3M; 
Heimdal soil is in windbreak suitability group 3, Emb- 
den soil is in windbreak suitability group 5. 

Heimdal-Embden fine sandy loams, 15 to 25 percent 
slopes (HrE)—Soils of this mapping unit are on sand- 
mantled glacial till. These soils have a profile similar 
to the one described as representative of their series, 
but the surface layer, and in some places the upper 
part of the subsoil, of the Heimdal soils is fine sandy 
loam, and the surface layer of the Embden soils is 
fine sandy loam. Heimdal soils, on the shoulder slopes 
and back slopes, make up about 50 percent of the 
mapping unit, and Embden soils, on foot slopes and 
toe slopes, make up about 30 percent. 

Included with these soils in mapping are small areas 
of Esmond soils on summits and shoulder slopes. Ege- 
land soils on back slopes, and Emrick soils and Swenoda 
soils on foot slopes and toe slopes. Also included are 
Kratka, Tiffany, Tonka, and Wyard soils in swales and 
depressions, which are identified on the soil map by a 
diamond symbol, and areas of Fram soils and Wynd- 
mere soils around the edges of some of the drainage- 
ways. Cobblestones, stones, and boulders are on the 
summits and shoulder slopes in many areas. In some 
areas the soils have been reworked to some extent by 
soil blowing. 

Surface runoff is very rapid, and water ponds in de- 
pressions. The hazard of soil blowing is very severe. 

The soils of this mapping unit are used for pasture. 
They are better suited to grasses than to most other 
uses. Surface runoff, wetness in depressions, and soil 
blowing are the main concerns of management. Ca- 
pability unit VIe-3; Heimdal soil is in windbreak suit- 
ability group 8, Embden soil is in windbreak suitability 
group 5. 

Heimdal-Emrick loams, 0 to 3 percent slopes (HsAj. 
—Soils of this mapping unit are on glacial till plains. 
The Heimdal and Emrick soils have the profile de- 
scribed as representative of their series. Heimdal soils, 
in convex positions, make up about 50 percent of the 
mapping unit, and Emrick soils, in concave positions, 
make up about 30 percent. 

Included with these soils in mapping are small areas 
of Tonka soils and Wyard soils in swales and depres- 
sions, which are identified on the soil map by a dia- 
mond symbol, and areas of Fram soils and Vallers 
soils around the edges of some of the depressions. 
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Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is moderate. 

Practically all areas of this mapping unit are culti- 
vated. The soils are suited to grain crops, grasses, and 
legumes. Wetness in depressions and soil blowing are 
the main concerns of management. Capability unit 
Ile-5; Heimdal soil is in windbreak suitability group 
38, Emrick soil is in windbreak suitability group 1. 

Heimdal-Emrick loams, 3 to 6 percent slopes (HsB). 
—Soils of this mapping unit are on glacial till plains. 
Heimdal soils, on shoulder slopes and back slopes, make 
up about 45 percent of the mapping unit, and Emrick 
soils, on foot slopes and toe slopes, make up about 35 
percent. 

Included with these soils in mapping are Esmond 
soils on summits and shoulder slopes, Tonka soils and 
Wyard soils in swales and depressions that are identi- 
fied on the soil map by a diamond symbol, and Fram 
soils and Vallers soils around the edges of some of the 
depressions. Soils on summits and shoulder slopes in 
many cultivated areas have a lighter colored surface 
layer. 

Surface runoff is medium, and water ponds in de- 
pressions. The hazard of soil blowing is moderate. 

Practically all areas of this mapping unit are culti- 
vated. The soils are suited to grain crops, grasses, and 
legumes. Surface runoff, wetness in depressions, and 
soil blowing are the main concerns of management. 
Capability unit Ile-5; Heimdal soil is in windbreak 
suitability group 3, Emrick soil is in windbreak suita- 
bility group 1. 

Heimdal-Emrick-Esmond loams, 3 to 9 percent slopes 
(H+C)—Soils of this mapping unit are on glacial till 
plains. Heimdal soils on shoulder slopes and back slopes, 
make up about 50 percent of this mapping unit, Em- 
rick soils, on foot slopes and toe slopes, make up about 
25 percent, and Esmond soils, on summits and shoul- 
der slopes, make up about 15 percent. 

Included with these soils in mapping are small areas 
of Parnell, Tonka, and Wyard soils in depressions that 
are identified on the soil map by a diamond symbol. 
Also included are areas of Fram soils and Vallers soils 
around the edges of the depressions. Soils on summits 
and shoulder slopes in many cultivated areas have a 
lighter colored surface layer. Shallow gullies have 
formed in some drainageways. 

Surface runoff is rapid, and water ponds in depres- 
sions. The hazard of soil blowing is moderate. 

Most areas of this mapping unit are cultivated, but 
some are used for pasture and hay. The soils are suited 
to close-growing grain crops, grasses, and legumes. 
Surface runoff, wetness in depressions, and soil blow- 
ing are the main concerns of management. Capability 
unit I[Je-5; Heimdal soil is in windbreak suitability 
group 8, Emrick soil is in windbreak suitability group 
8, Esmond soil is in windbreak suitability group 8. 

Heimdal-Emrick-Esmond Joams, 9 to 15 percent 
slopes {(HtD]—Soils of this mapping unit are on glacial 
till plains. Heimdal soils, on shoulder slopes and back 
slopes, make up about 45 percent of the mapping unit, 
Emrick soils, on foot slopes and toe slopes, make up 
about 25 percent, and Esmond soils, on summits and 
shoulder slopes, make up about 20 percent. 

Included with these soils in mapping are small areas 
of Parnell, Tonka, and Wyard soils in depressions that 


are identified on the soil map by a diamond symbol. 
Also included are areas of Fram soils and Vallers soils 
around the edges of the depressions. Cobblestones and 
stones are on the summits and shoulder slopes in some 
areas. Shallow gullies have formed in some drainage- 
ways. Soils on the summits and shoulder slopes in many 
cultivated areas have a lighter colored surface layer. 

Surface runoff is very rapid, and water ponds in 
depressions. The hazard of soil blowing is moderate. 

Some areas of this mapping unit are cultivated, but 
others are used for pasture. The soils are better suited 
to grasses than to most other uses, but close-growing 
grain crops and legumes can be grown if protective 
measures are used. Surface runoff, wetness in depres- 
sions, and soil blowing are the main concerns of man- 
agement. Capability unit IVe-5; Heimdal soil is in 
windbreak suitability group 3, Emrick soil is in wind- 
break suitability group 8, Esmond soil is in windbreak 
suitability group 8. 

Heimdal-Emrick-Esmond loams, 15 to 25 percent 
slopes (HtE}.—Soils of this mapping unit are on glacial 
till plains. Heimdal soils, on shoulder slopes and back 
slopes, make up about 40 percent of this mapping unit, 
Emrick soils, on foot slopes and toe slopes, make up 
about 25 percent, and Esmond soils, on summits and 
shoulder slopes, make up about 25 percent. 

Included with these soils in mapping are small areas 
of Parnell, Tonka, and Wyard soils in depressions, 
which are identified on the soil map by a diamond 
symbol. Also included are Fram soils and Vallers soils 
around the edges of the depressions. Cobblestones and 
stones are on the summits and shoulder slopes in many 
areas. Shallow gullies have formed in some drainage- 
ways. 

Surface runoff is very rapid, and water ponds in the 
depressions. The hazard of soil blowing is moderate. 

Practically all areas of this mapping unit are in 
native pasture or are idle. The soils are better suited 
to grasses than to most other uses. Surface runoff, wet- 
ness in depressions, and soil blowing are the main 
concerns of management. Capability unit Vle—5 ; Heim- 
dal soil is in windbreak suitability group 8, Emrick 
soil is in windbreak suitability group 8, Esmond soil 
is in windbreak suitability group 8. 


Kensal Series 


The Kensal series consists of moderately deep, 
nearly level, moderately well drained soils that formed 
in medium-textured glaciofluvial deposits overlying 
coarse-textured shaly glaciofluvial deposits. These soils 
are on glacial outwash plains. 

In a representative profile the surface layer is very 
dark gray loam about 8 inches thick. The subsoil is 
about 16 inches thick. The upper 6 inches is dark 
grayish-brown, friable loam. The 4 inches below that 
is mottled, grayish-brown, friable loam. The lowermost 
6 inches is mottled, grayish-brown, very friable heavy 
sandy loam. The substratum is light brownish gray: it 
is shaly loamy sand in the upper 6 inches and shaly 
sand and gravel in the lower 80 inches. 

Permeability ig moderately rapid in the surface 
layer and subsoil and very rapid in the substratum. 
The available water capacity is low. The organic- 
matter content is high, and fertility is medium. 


62 SOIL SURVEY 


These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Kensal loam in a cultivated 
field, 280 feet west and 50 feet north of the southeast 
corner of sec. 28, T. 150 N., R. 65 W., Eddy County: 


Ap—0 to 8 inches, very dark gray (10YR 3/1) loam, 
black (10YR 2/1) moist; moderate, medium, sub- 
angular blocky and granular structure; slightly 
hard, friable, slightly sticky and nonplastic; many 
roots; few pebbles 2 to 15 millimeters in size; 
neutral; abrupt, smooth boundary. 

B21—8 to 14 inches, dark grayish-brown (10YR 4/2) loam, 
very dark grayish brown (10YR 3/2) moist; mod- 
erate, medium, prismatic structure parting to mod- 
erate, medium, angular blocky; hard, friable, 
slightly sticky and slightly plastic; common roots; 
thin patches of organic stains on vertical prism 
faces; few rounded pebbles 2 to 15 millimeters 
in size; neutral; clear, wavy boundary. 

B22—14 to 18 inches, grayish-brown (2.5Y 5/2) loam, 
dark grayish brown (2.5Y 4/2) moist; common, 
fine, distinct, yellowish-brown (10YR 5/4, moist) 
mottles; moderate, medium and fine, prismatic 
structure parting to moderate, medium and fine, 
angular blocky; hard, friable, slightly sticky and 
slightly plastic; common roots; thin patches of 
very dark grayish-brown (2.5Y 3/2, moist) clay 
films on faces of prisms; common pebbles 2 to 10 
millimeters in size; neutral; clear, wavy boundary. 
to 24 inches, grayish-brown (2.5Y 5/2) heavy 
sandy loam, dark grayish brown (2.5Y 4/2) moist; 
common, fine, distinct, yellowish-brown (10YR 5/4, 
moist) mottles; light olive-gray and pale-olive (5Y 
6/2 and 6/3) shale grains; very weak, coarse, 
prismatic structure parting to very weak, medium 
and fine, subangular blocky structure parting to 
single grained; slightly hard, very friable, 
slightly sticky and slightly plastic; few roots; 
common shale pebbles 2 to 25 millimeters in size; 
neutral; clear, wavy boundary. 

TICi—24 to 80 inches, light brownish-gray (2.5Y¥ 6/2) 
shaly loamy sand, dark grayish brown (2.5Y 4/2) 
moist; single grained; loose, slightly sticky and 
nonplastic; few shale pebbles 2 to 10 millimeters 
in size; slightly effervescent; mildly alkaline; clear, 
wavy boundary. 

IIC2—30 to 60 inches, light brownish-gray (2.5Y 6/2) 
shaly sand and gravel, dark grayish brown (2.5Y 
4/2) moist; single grained; loose, nonsticky and 
nonplastic; slightly effervescent; mildly alkaline. 


B38—18 


Depth to the sand and gravel ranges from 20 to 30 
inches. The A horizon ranges from 5 to 12 inches in thick- 
ness. It is very dark gray or dark gray. The B horizon 
ranges from 5 to 16 inches in thickness. It is dark grayish 
brown or grayish brown. Mottles occur in the lower part 
of the B horizon and throughout the B horizon in some 
places. The B horizon has moderate or weak prismatic 
structure that parts to moderate or weak angular or sub- 
angular blocky structure. It has clay films on faces of 
prisms in many but not all places. The IIC horizons are 
typically stratified shaly sand and gravel, but they contain 
a layer of granitic sand and gravel in places. In most 
places lime coats the underside of pebbles in one or more 
of the IIC horizons, and in some places soft masses of lime 
have accumulated in the upper part of the IIC horizon. 

Kensal soils are adjacent to Brantford, Tolna, and Vang 
soils in many places. They are not so well drained as 
Brantford soils and have mottling in the B horizon, which 
Brantford soils do not have. They are better drained than 
Tolna soils. They are not so well drained as Vang soils. 


Kensal loam (Ke).—This soil is nearly level and is on 
glacial outwash plains. It has the profile described as 
representative of the series. The content of gravel in 
the substratum is 40 percent or more by volume. 

Included with this soil in mapping are small areas 


of Kensal soils that have a substratum containing less 
than 40 percent gravel by volume, areas of Brantford 
soils in positions similar to those of Kensal soils, and 
areas of Tolna soils in depressions, which are identi- 
fied on the soil map by a diamond symbol. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is moderate. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing and droughti- 
ness caused by the low available water capacity are 
the main concerns of management. Capability unit 
IlIs—5; windbreak suitability group 1. 

Kensal loam, sandy substratum (Kf)—This soil is 
nearly level and is on glacial outwash plains. It has a 
profile similar to the one described as representative 
of the series, but the substratum contains less than 40 
percent gravel by volume. 

Included with this soil in mapping are small areas 
of Kensal soils that have a substratum containing more 
than 40 percent gravel by volume, areas of Brantford 
soils in positions similar to those of Kensal soils, and 
areas of Tolna soils in depressions, which are identi- 
fied on the soil map by a diamond symbol. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is moderate. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops, grasses, and legumes. Soil blowing and droughti- 
ness caused by the low available water capacity are 
the main coneerns of management. Capability unit 
IlIs—5; windbreak suitability group 1. 


Kloten Series 


The Kloten series consists of shallow, moderately 
steep to steep, well-drained soils that formed in 
medium-textured glacial till or glaciofluvial deposits 
overlying bedded shale. These soils are on slopes of the 
Sheyenne River Valley, in drainageways leading to 
the Sheyenne River, and on high terraces along the 
Sheyenne River. 

In a representative profile the surface layer is dark- 
gray loam about 6 inches thick. The top 10 inches of 
the substratum is gray, friable loam, and the lower 
44 inches is gray bedded shale. 

Permeability is moderate above the bedded shale and 
very slow in the shale. The available water capacity 
is very low. The organic-matter content is high, and 
fertility is low. 

These soils are better suited to grasses than to most 
other uses. 

Representative profile of Kloten loam, 9 to 30 per- 
cent slopes, in grass, 1,310 feet south and 1,300 feet 
east of the northwest corner of the SW14, sec. 19, T. 149 
N., R. 58 W., Nelson County: 


A—O to 6 inches, dark-gray (10YR 4/1) loam, black 
(10YR 2/1) moist; weak, medium and moderate, 
very fine subangular blocky structure; slightly 
hard, friable, slightly sticky and slightly plastic; 
many roots; few small shale chips; neutral; clear, 
wavy boundary. : 

C1—6 to 16 inches, gray (5Y 5/1) loam, very dark gray 
(5Y 38/1) moist; weak, medium and moderate, 
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very fine, subangular blocky structure; slightly 
hard, friable, slightly sticky and slightly plastic; 
common roots; few shale chips in upper part in- 
creasing to many in the lower part; neutral; clear, 
wavy boundary. 

R—16 to 60 inches, gray (5Y 5/1) and dark-gray (5Y 4/1) 
bedded shale; strong-brown (7.5YR 5/6, dry) 
stains on plate surfaces; platy; hard; very few 
roots in cracks to a depth of 24 inches. 


Depth to bedded shale ranges from 10 to 20 inches but 
typically is 10 to 14 inches. The A horizon ranges from 4 
to 10 inches in thickness. It is very dark gray, dark gray, 
or gray. The C horizon occurs only in some profiles; it is 
light olive gray or gray and is as much as 14 inches thick. 
ces and stones are common above the shale in some 
places. 

Kloten soils have profile characteristics that are similar 
to those of Buse, Edgeley, and Sioux soils. They have a 
shale substratum, however, which Buse soils do not have, 
and they are not so deep to bedded shale as Edgeley soils. 
They lack a sand and gravel substratum, which is a char- 
acteristic of Sioux soils. 


Kloten loam, 9 to 30 percent slopes (KoE)—This soil 
is on side slopes of the Sheyenne River Valley, on drain- 
ageways leading to the Sheyenne River, and on high 
terraces along the Sheyenne River. It has the profile 
described as representative of the series. 

Included with this soil in mapping are small areas 
of Buse soils and Edgeley soils in positions similar to 
those of Kloten soils and small areas of soils that are 
less than 10 inches deep to bedded shale. Stones and 
boulders are common on the surface in some places. 
Some drainageways are gullied. 

Surface runoff is very rapid. The hazard of soil blow- 
ing is moderate. 

Most areas of this soil are used for pasture. The soil 
is better suited to grasses than to most other uses. 
Surface runoff, soil blowing, and droughtiness caused 
by the very low available water capacity are the main 
concerns of management. Capability unit Vies—5; 
windbreak suitability group 10. 

Kloten, Sioux, and Edgeley soils, 12 to 25 percent 
slopes (KsE|—Soils of this mapping unit are on side 
slopes of the Sheyenne River Valley, on drainageways 
leading to the Sheyenne River, and on high terraces 
along the Sheyenne River. Sioux soils, on summits and 
shoulder slopes, make up about 25 percent of this map- 
ping unit, Kloten soils, downslope from the Sioux soils 
on back slopes, make up about 40 percent, and Edgeley 
soils, on foot slopes and toe slopes, make up about 30 
percent. 

Included with these soils in mapping are small areas 
of Coe soils on summits and shoulder slopes and small 
areas of soils that are less than 10 inches deep to bedded 
shale. Springs and small wet areas occur in some places 
at the contact point between the glaciofluvial deposits 
and the bedded shale. Stones and boulders are common 
on the surface, and some drainageways are gullied. 

Surface runoff is very rapid. The hazard of soil blow- 
ing is moderate. 

Areas of this mapping unit are used for pasture. 
The soils are better suited to grasses than to most other 
uses. Surface runoff, soil blowing, and droughtiness 
caused by the very low available water capacity are the 
main concerns of management. Capability unit Vles— 
5; Kloten soil ig in windbreak suitability group 10, 
Sioux soil is in windbreak suitability group 10, Edgeley 
soil is in windbreak suitability group 8. 


Kratka Series 


The Kratka series consists of deep, nearly level, 
poorly drained soils that formed in moderately coarse 
textured glaciofluvial and eolian deposits overlying gla- 
cial till. These soils are on broad flats and drainage- 
ways surrounded by sand-mantled glacial till. 

In a representative profile the surface layer is very 
dark gray fine sandy loam about 13 inches thick. The 
subsoil is mottled, dark-gray, very friable loamy fine 
sand about 10 inches thick. The substratum is 37 inches 
thick. The upper 8 inches is mottled, gray loam. The 
next 6 inches is yellowish-brown coarse sand. The lower 
15 inches is gray clay loam. 

Permeability is rapid in the surface layer and subsoil 
and moderately slow in the substratum. The available 
water capacity is moderate. The organic-matter con- 
tent is moderate, and fertility is medium. The water 
table is within 5 feet of the surface most of the year; 
it is just below the surface in spring and early in sum- 
mer. A perched water table forms above the glacial 
till substratum during periods of heavy rainfall, Till- 
age is often delayed in spring because of wetness. 

These soils are suited to grasses and, if drained, to 
grain crops and legumes. 

Representative profile of Kratka fine sandy loam in a 
cultivated field, 1,040 feet south and 1,560 feet east of 
the northwest corner of sec. 31, T. 149 N., R. 66 W., 
Eddy County: 


Ap—0 to 7 inches, very dark gray (10YR 3/1) fine sandy 
loam, black (10YR 2/1) moist; weak, fine, granular 
structure; soft, very friable, slightly sticky and 
slightly plastic; many roots; neutral; abrupt, 
smooth boundary. 

Ai—7 to 18 inches, very dark gray (10YR 3/1) fine sandy 
loam, black (10YR 2/1) moist; very weak, coarse, 

rismatie structure parting to weak, fine, granu- 
ar; soft, very friable, slightly sticky and slightly 
plastic; many roots; slightly acid; clear, smooth 
boundary. 

Bge—13 to 28 inches, dark-gray (10YR 4/1) loamy fine 
sand, very dark grayish brown (10YR 3/2) moist; 
common, medium, distinct, dark-brown (10YR 3/38, 
moist) and dark reddish-brown (5YR 3/3, moist) 
mottles; weak, coarse and medium, prismatic 
structure parting to weak, medium, subangular 
blocky; soft, very friable, slightly sticky and non- 
plastic; common roots; slightly acid; abrupt, 
smooth boundary. 

IICig—23 to 31 inches, gray (10YR 5/1) loam, dark 
gray (LOYR 4/1) moist; many, medium, prominent, 
dark-brown (10YR 38/3, moist) and dark-brown 
(LOYR 3/8, moist) mottles; massive; slightly hard, 
friable, sticky and plastic; few roots; common peb- 
bles as large as 15 millimeters; slightly acid; 
abrupt, wavy boundary. 

IlIC2g-——31 to 37 inches, yellowish-brown (10YR 5/4) 
coarse sand, dark brown (10YR 4/3) moist; single 
grained; loose, nonsticky and nonplastic; common 
pebbles as large as 80 millimeters; slightly acid; 
gradual, wavy boundary. 

I1IC3g—37 to 45 inches, pale-brown (10YR 6/3) coarse 
sand, dark yellowish brown (10YR 4/4) moist; 
single grained; loose, nonsticky and nonplastic; 
common pebbles as large as 30 millimeters; neu- 
tral; abrupt, wavy boundary. 

IVC4g—45 to 60 inches, gray (N 5/0) clay loam, dark 
grayish brown (2.5Y 4/2) moist; massive; hard, 
firm, very sticky and very plastic; slightly effer- 
vescent; neutral. 


Depth to the glacial till ranges from 20 to 40 inches 


but typically is 24 to 36 inches. Depth to mottling ranges 
from 5 to 15 inches but typically is about 10 inches. The 
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A horizon ranges from 8 to 18 inches in thickness. It is 
very dark gray or dark-gray fine sandy loam, sandy loam, 
or loamy sand. The lower part of the A horizon is mottled 
in many places. The B horizon ranges from 6 to 12 inches 
in thickness. It is motted, dark grayish-brown or dark- 
gray loamy fine sandy or loamy sand. The IIC horizon is 
gray, yellowish brown, or pale brown. Typically, it is gla- 
cial till of loam or clay loam texture, but strata of sand 
are in the glacial till in most places. 

Kratka soils are adjacent to Dickey, Towner, Hamar, 
and Wyndmere soils in many places. They are more poorly 
drained than Dickey soils and Towner soils. Unlike Hamar 
soils and Wyndmere soils, they have glacial till within 
40 inches of the surface. 


Kratka fine sandy loam (Kt)—This soi] is nearly level . 


and is on broad flats and in concave drainageways that 
are surrounded by sand-mantled glacial till. 

Included with this soil in mapping are small areas of 
Kratka soils that have a surface layer of loamy fine 
sand. Also included are areas of Hecla, Embden, and 
Swenoda soils in slightly higher positions, areas of Tif- 
fany soils and Ulen soils in positions similar to those 
of Kratka soils, and areas of Venlo soils in lower and 
more poorly drained positions. 

Surface runoff is slow, and water ponds in low places. 
The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated; those that are 
adjacent to more poorly drained soils are used for pas- 
ture and hay. This soil is suited to grasses and, where 
drained, to grain crops and legumes. Wetness and soil 
blowing are the main concerns of management. Capa- 
bility unit IITw-8; windbreak suitability group 2. 


LaDelle Series 


The LaDelle series consists of deep, nearly level, 
moderately well drained soils that formed in moder- 
ately fine textured alluvial sediments. These soils are on 
flood plains and levees of the Sheyenne and James 
Rivers. 

In a representative profile the surface layer is dark- 
gray silty clay loam about 21 inches thick. The sub- 
stratum is 39 inches thick. The upper 9 inches is gray, 
friable silty clay loam. The 5 inches below that is dark- 
gray silty clay loam. The lowermost 25 inches is gray- 
‘ish-brown silty clay loam. 

Permeability is moderate, and the available water 
capacity is high. The organic-matter content is high, 
and fertility is high. Some flooding occurs in spring 
and during periods of heavy rainfall in summer. 

These soils are suited to grain crops, grasses, and 
legumes. . 

Representative profile of LaDelle silty clay loam in 
a cultivated field, 1,480 feet west and 500 feet north 
of the southeast corner of sec. 2, T. 150 N., R. 65 W., 
Eddy County: 

Ap—0 to 7 inches, dark-gray (10YR 4/1) silty clay loam, 
black (10YR 2/1) moist; weak, fine, crumb struc- 
ture; slightly hard, friable, sticky and plastic; 
many roots; common earthworm casts; neutral; 
abrupt smooth boundary. 

A1—7 to 21 inches, dark-gray (10YR 4/1) silty clay loam, 
black (10YR 2/1) moist; weak, medium, pris- 
matic structure parting to moderate, medium, 
crumb; slightly hard, friable, sticky and plastic; 
many roots; neutral; gradual, wavy boundary. 

C1—21 to 30 inches, gray (10YR 5/1) silty clay loam, 


very dark grayish brown (2.5Y 3/2) moist; weak, 
medium, prismatic structure parting to moderate, 


medium, subangular blocky; slightly hard, friable, 
sticky and plastic; few roots; few, fine, white 
(2.5Y 8/2, moist) mases of lime; neutral; abrupt, 
smooth boundary. 

Alb—20 to 85 inches, dark-gray (10YR 4/1) silty clay 
loam, very dark grayish brown (2.5Y 38/2) moist; 
weak, medium, prismatic structure parting to 
weak, medium and fine, subangular blocky; slightly 
hard, friable, sticky and plastic; few, fine, white 
(2.5Y 8/2, moist) masses of lime; few roots; 
slightly effervescent; mildly alkaline; clear, wavy 
boundary. 

C2—35 to 60 inches, grayish-brown (2.5Y 5/2) sity clay 
loam, dark grayish brown (2.5Y¥ 4/2) moist; mas- 
sive; hard, firm, sticky and plastic; many, coarse, 
white (2.5Y 8/2, moist) masses of lime; strongly 
effervescent; mildly alkaline. 

The A horizon ranges from 12 to 22 inches in thickness. 
It is dark et ay or very dark gray silty clay loam or silt 
loam. A weakly developed B horizon occurs in some pro- 
files. The C horizon is gray, grayish brown, or light brown- 
ish gray. A dark-gray or very dark gray buried A horizon 
is common below a depth of about 20 inches. 

LaDelle, Lamoure, and La Prairie soils formed in similar 
alluvial sediments and are in similar positions on the 
landscape. LaDelle soils are better drained than Lamoure 
soils. They contain less fine and coarse sand in the upper 
40 inches than La Prairie soils. 


LaDelle silty clay loam (La)—This soil is nearly level 
and is on flood plains and levees that are dissected in 
many places by old stream channels. 

Included with this soil in mapping are small areas of 
Lamoure soils in old stream channels and areas of La 
ed soils in positions similar to those of LaDelle 
soils. 

Surface runoff is slow, and water ponds in old stream 
channels. This soil is subject to flooding in spring and 
during periods of heavy rainfall in summer. 

Some areas of this soil are cultivated, if they are 
large enough for cultivation to be economically feasible. 
Many areas are dissected by channels, are covered with 
trees and shrubs, are used for pasture, or are left idle. 
This soil is suited to grain crops, grasses, and legumes. 
Wetness because of flooding is the main concern of 
management. Capability unit II[c-6; windbreak suita- 
bility group 1. 


Lallie Series 


The Lallie series consists of deep, nearly level, poorly 
drained and very poorly drained soils that formed in 
fine textured and moderately fine textured glaciofluvial 
deposits. These soils are in dry lake basins. 

In a representative profile the surface layer is dark- 
gray silty clay loam about 2 inches thick. The sub- 
stratum is 58 inches thick. The upper 22 inches is 
mottled, light-gray and gray, friable silty clay loam. 
The 8 inches below that is very dark gray silty clay that 
contains segregations of salt and snail shells. The lower- 
most 28 inches is mottled, light-gray and gray silty 
clay. Salt crystals are common throughout the profile. 

Permeability is slow, and the available water capac- 
ity is moderate. The organic-matter content is moder- 
ate, and fertility is low. The water table is within 5 
feet of the surface most of the year. Water ponds on 
the surface in spring and during periods of heavy rain- 
fall. 

These soils are suited to salt-tolerant grain crops and 
grasses. 
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Representative profile of Lallie silty clay loam, in 
native vegetation, 1,300 feet south and 10 feet west 
of the northeast corner of the NWY% sec, 21, T. 151 
N., R. 61 W., Nelson County: 


A—0 to 2 inches, dark-gray (10YR 4/1) silty clay loam, 
black (10YR 2/1) moist; moderate, medium and 
fine, granular structure; slightly hard, friable, 
sticky and plastic; many roots; common fine white 
(2.5Y 8/2, moist) salt crystals; strongly effer- 
vescent; mildly alkaline; abrupt smooth boundary. 

Clg—2 to 24 inches, light-gray (5Y 7/1) and gray (5Y 
6/1) silty clay loam, dark gray (5Y 4/1) moist; 
common, medium, distinct, dark yellowish-brown 
(10YR 4/4, moist) mottles; weak, coarse, pris- 
matie structure parting to moderate, fine, subangu- 
lar blocky; slightly hard, friable, sticky and plastic; 
common roots; few fine white (2.5Y 8/2, moist) 
salt crystals; violently effervescent; mildly alka- 
line; abrupt, wavy boundary. 

IIAibg—24 to 32 inches, very dark gray (5Y 3/1) silty 
clay, black (N 2/0) moist; weak, coarse, pris- 
matic structure parting to moderate, medium and 
fine, subangular blocky; hard, firm, very sticky 
and very plastic; few roots; common fine white 
(2.5Y 8/2, moist) salt crystals; strongly efferves- 
cent; moderately alkaline; gradual, wavy boundary. 

IIC2g—32 to 60 inches, light-gray (SY 7/1) and pray 
(5Y 6/1) silty clay, olive gray (5Y 4/2) moist; 
common, fine, distinct, yellowish-brown (10YR 5/4, 
moist) mottles; massive; very hard, very firm, 
very sticky and very plastic; few, medium and 
(5Y 6/1) silty clay, olive gray (5Y 4/2) moist; 
fine, white (2.5Y 8/2, moist) salt crystals; strongly 
effervescent; mildly alkaline. 

The A horizon ranges from 1 to 3 inches in thickness. It 
is dark-gray or very dark gray silty clay loam, silt loam, or 
silty clay. The Cg horizon is gray or light-gray silty clay 
or silty clay loam. A buried A horizon of very dark gray or 
dark-gray silty clay occurs in most places. Salts are within 
12 inches of the surface in most places. 

Lallie soils have profile characteristics similar to those 
of Beatden and Colvin soils, but they have a thinner A 
horizon and contain less lime in the A horizon and C 
horizon than Bearden and Colvin soils. 

Lallie silty clay loam (Lb)—This soil is nearly level 
and is in dry lake basins. 

Included with this soil in mapping are small areas 
of dispersed and saline soils in positions similar to 
those of Lallie soils. Also included are small areas of 
Bearden soils and Colvin soils in slightly higher po- 
sitions. ; 

Surface runoff is very slow, and water ponds in 
spring and during periods of heavy rainfall. The haz- 
ard of soil blowing is severe. 

Some areas of this soil are used for pasture and hay; 
others are idle. The higher areas are cultivated, This 
soil is better suited to salt-tolerant grasses and grain 
crops than to most other uses. Wetness and soil blow- 
ing are the main concerns of management. Capability 
unit [Vs—4L; windbreak suitability group 10. 


Lamoure Series 


The Lamoure series consists of deep, nearly level, 
poorly drained, calcareous soils that formed in mod- 
erately fine textured or fine textured alluvial sedi- 
ments. These soils are on flood plains of the Sheyenne 
and James Rivers and their tributaries. 

In a representative profile the surface layer is about 
19 inches thick. It is very dark gray silty clay loam 
in the upper 7 inches and dark gray silty clay loam 


in the lower 12 inches. The subsoil is gray, firm silty 
clay loam about 27 inches thick. The substratum is 
dark-gray silty clay loam. 

Permeability is moderate, and the available water 
capacity is high, The organic-matter content is high, 
and fertility is medium. The water table is within 5 
feet of the surface most of the year. Flooding occurs 
in places in spring and during periods of heavy rain- 
fall in summer. 

These soils are better suited to grasses than to most 
other uses, but where drained they are suited to grain 
crops and legumes. Salinity reduces crop yields in some 
areas. 

Representative profile of Lamoure silty clay loam in 
a cultivated field, 800 feet east and 600 feet north of 
the southwest corner of the NE! sec. 3, T. 149 N., R. 
64 W., Eddy County: 


Ap—0 to 7 inches, very dark gray (10YR 8/1) silty clay 
loam, black (10YR 2/1) moist; moderate, fine, 
erumb structure; slightly hard, firm, sticky and 
plastic; many roots; slightly effervescent; neutral; 
abrupt, smooth boundary. 

Al—7 to 19 inches, dark-gray (N 4/0) silty clay loam, 
black (N 2/0) moist; weak, coarse, prismatic 
structure parting to moderate, fine, subangular 
blocky; slightly hard, firm, sticky and plastic; 
common roots; few gypsum crystals; common, fine, 
distinct, white (2.5Y 8/2, moist) hme segrega- 
tions; strongly effervescent; moderately alkaline; 
gradual, wavy boundary. 

B2g—19 to 46 inches, gray (5Y 5/1) silty clay loam, very 
dark gray (5Y 3/1) moist; weak, coarse, pris- 
matic structure parting to moderate, fine, sub- 
angular blocky; slightly hard, firm, sticky and 
plastic; few roots; few gypsum crystals; common, 
fine, distinct, white (2.5Y 8/2, moist) lime seg- 
regations; violently effervescent; mildly alkaline; 
clear, wavy boundary. 

Alb—46 to 60 inches, dark-gray (N 4/0) silty clay loam, 
black (N 2/0) moist; massive; hard, firm, sticky 
and plastic; few, fine, distinct, white (2.5Y 8/2, 
moist) lime segregations; strongly effervescent; 
mildly alkaline. 


The A horizon ranges from 12 to 20 inches in thickness. 
It is dark-gray or very dark gray silty clay loam or silt 
loam. In some places the A horizon is moderately saline 
and contains common to many segregations of salt and 
gypsum crystals. The B horizon is gray or dark-gray 
silty clay or silty clay loam. A buried A horizon of dark 
gray or very dark gray is common below a depth of about 
36 inches, Strata of sand or gravel oceur in some profiles 
below a depth of 40 inches. The C horizon, where it occurs, 
contains few to many segregations of salt and gypsum 
crystals, 

Lamoure soils are adjacent to LaDelle and La Prairie 
soils in many places. They contain more lime and are more 
poorly drained than LaDelle soils and La Prairie soils. 


Lamoure silty clay loam (Le)—This soil is nearly level 
and is on flood plains and in shallow channels and ox- 
bows. It has the profile described as representative of 
the series. 

Included with this soil in mapping are small areas 
of moderately saline Lamoure soils, Ludden soils in 
swales, and LaDelle soils in slightly higher positions. 

Surface runoff is very slow, and water ponds in the 
swales. This soil is subject to flooding in spring and 
during periods of heavy rainfall. The hazard of soil 
blowing is severe. 

Some areas of this soil are cultivated, if they are 
large enough for cultivation to be economically feasible. 
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Other areas are used for pasture and hay or, if they 
are covered by trees and shrubs, are used for pasture 
or are left idle. This soil is suited to grasses and, if 
drained, to small grains and legumes. Wetness and soil 
blowing are the main concerns of management. Capa- 
bility unit IIw-4L; windbreak suitability group 2. 

Lamoure silty clay loam, saline {Lm|—This soil is 
nearly level and is on flood plains of drainageways 
leading to the Sheyenne and James Rivers. It has a 
profile similar to the one described as representative 
of the series, but the surface layer contains soluble 
salts and gypsum that adversely affect plant growth. 

Included with this soil in mapping are small areas of 
nonsaline Lamoure soils and Ryan soils, small areas of 
LaDelle soils in slightly higher positions, and strongly 
saline soils in a few areas that are nearly bare of vege- 
tation. 

Surface runoff is very slow, and water ponds in 
swales. This soil is subject to flooding in spring and 
during periods of heavy rainfall. The hazard of soil 
blowing is severe. 

Some areas of this soil are cultivated, if they are 
large enough for cultivation to be economically feasible. 
Other areas are used for hay and pasture. This soil is 
suited to salt-tolerant grasses and, where drained, to 
salt-tolerant grain corps. Wetness and soil blowing are 
the main concerns of management. Capability unit 
IlIws-4L; windbreak suitability group 10. 


La Prairie Series 


The La Prairie series consists of deep, nearly level, 
moderately well drained soils that formed in medium- 
textured and moderately fine textured alluvial sedi- 
ments. These soils are on flood plains, fans, and levees 
along the Sheyenne and James Rivers. 

In a representative profile the surface layer is dark- 
gray silt loam about 21 inches thick. The subsoil is 
dark-gray, firm silty clay loam about 11 inches thick. 
The substratum is light brownish-gray silty clay loam. 

Permeability is moderate, and the available water 
capacity is high. The organic-matter content is high, 
and fertility is high. These soils are subject to flooding 
during periods of high runoff. 

These soils are suited to grains, grasses, and legumes. 

Representative profile of La Prairie silt loam, in a 
pasture, 2,350 feet north and 60 feet west of the south- 
east corner of the NE!4 sec. 23, T. 150 N., R. 63 W,, 
Eddy County: 


A1l1—0 to 10 inches, dark-gray (10YR 4/1) silt loam, 
black (10YR 2/1) moist; moderate, fine, angular 
blocky structure; slightly hard; friable, slightly 
sticky and sightly plastic; many roots; neutral; 
clear, wavy boundary. 

Ai2—10 to 21 inches, dark-gray (10YR 4/1) silt loam, 
black (10YR 2/1) moist; weak, coarse, prismatic 
structure parting to moderate, fine, angular blocky; 
slightly hard, friable, slightly sticky and_ slightly 
plastic; many roots; neutral; gradual, wavy 
boundary. 

B2—21 to 32 inches, dark-gray (10YR 4/1) silty clay 
loam, very dark gray (10YR 3/1) moist; weak, 
coarse, prismatic structure parting to moderate, 
medium and fine, angular blocky; slightly hard, 
firm, very sticky and very plastic; common roots; 
common, fine, white (2.5Y 8/2, moist) segrega- 


tions of lime; strongly effervescent; mildly alka- 
line; clear, wavy boundary. 

C—32 to 60 inches, light brownish-gray (2.5Y 6/2) silty 
clay loam, very dark grayish brown (2.5Y 3/2) 
moist; massive; slightly hard, firm, very sticky 
and very plastic; few roots; common, medium and 
fine, white (2.5Y 8/2, moist) segregations of 
lime; strongly effervescent; moderately alkaline. 


The A horizon ranges from 15 to 35 inches in thickness, 
It is dark-gray or very dark gray silt loam or light silty 
clay loam. The B horizon is gray, dark-gray, very dark 
gray, or grayish-brown silty clay loam or silt loam. The C 
horizon is light brownish-gray or grayish-brown silty clay 
loam or silt loam. In some places stratified sand, silt, 
and clay are below a depth of about 40 inches. A buried 
A horizon of dark-gray or very dark gray silty clay loam 
or silt loam is below a depth of about 20 inches in some 
places, 

La Prairie soils are adjacent to LaDelle and Lamoure 
soils in many areas. They formed in coarser textured 
sediment than LaDelle soils, and they are better drained, 
ova less lime, and are shallower to lime than Lamoure 
soils, 


La Prairie silt loam (Ln)—This soil is nearly level 
and is on fans and levees. It has the profile described as 
representative of the series. 

Included with this soil in mapping are small areas 
of Lamoure soils in old stream channels, areas of La- 
Delle soils in positions similar to those of La Prairie 
soils, and small areas of Walsh soils on valley side 
slopes. 

Surface runoff is slow, and ponding occurs in stream 
channels. This soil is subject to flooding in spring and 
during periods of heavy rainfall. The hazard of soil 
blowing is slight. 

Some areas of this soil are cultivated, if they are 
large enough for cultivation to be economically feasible. 
Many areas, however, are covered by trees and shrubs, 
are dissected by channels, or are not accessible and 
are used for pasture or are left idle. This soil is suited 
to grains, grasses, and legumes. Wetness is the main 
concern of management. Capability unit IIe-6; wind- 
break suitability group 1. 

La Prairie-Lamoure complex (_p}.—This mapping unit 
consists of nearly level La Prairie soils on dissected 
flood plains and Lamoure soils in channels where the 
relief ranges from 8 to 6 feet. Each kind of soil makes 
ea to 70 percent of the acreage of this mapping 
unit. 

Included with these soils in mapping are small areas 
of LaDelle soils in positions similar to those of La 
Prairie soils, small areas of Ludden soils and of mod- 
erately saline Lamoure soils in positions similar to 
those of nonsaline Lamoure soils, and small areas of 
Rauville soils, which are more poorly drained than 
La Prairie and Lamoure soils. 

Surface runoff is slow on La Prairie soils, and pond- 
ing occurs on Lamoure soils. These soils are subject to 
flooding in spring and during periods of heavy rainfall. 
The hazard of soil blowing is only slight on La Prairie 
soils but is severe on Lamoure soils. 

Most areas of these soils are either used for pasture 
or are left idle, although a few areas are used for hay. 
The soils are suited to grasses. Wetness and soil blow- 
ing, where the soils are cultivated, are the main con- 
cerns of management. Capability unit Vlew-6; La 
Prairie soils are in windbreak suitability group 1, La- 
moure soils are in windbreak suitability group 2. 
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Larson Series 


This series consists of deep, nearly level and gently 
sloping, somewhat poorly drained and moderately well 
drained claypan soils that formed in medium textured 
or moderately fine textured glacial till. These soils are 
on glacial till plains. 

In a representative profile the surface layer is very 
dark gray loam about 6 inches thick. The subsurface 
layer is gray silt loam about 1 inch thick. The subsoil 
is dark-gray very firm clay loam about 9 inches thick. 
The substratum is clay loam that is 44 inches thick. 
The upper 6 inches is olive gray and contains gypsum 
crystals and segregations of salt. The 14 inches below 
that is light olive gray. The lowermost 24 inches is 
mottled, pale olive. 

Pearmeability is slow, and the available water capac- 
ity is moderate. The organic-matter content is high, and 
the fertility is low. The dense subsoil and the salts in 
the lower part of the subsoil restrict root growth and 
water table forms above the dense subsoil during peri- 
ods of the surface most of the year, and it is at or near 
the surface in spring and early in summer. A perched 
water table forms above the dense subsoil during peri- 
ods of heavy rainfall. Tillage is often delayed in 
spring because of wetness. 

These soils are suited to grain crops and grasses, but 
they are poorly suited to legumes. 

Representative profile of Larson loam, in a culti- 
vated field, 500 feet north and 100 feet east of the 
southwest corner of the NW1,, sec. 1, T. 149 N., R. 64 
W., Eddy County: 


AP—0 to 6 inches, very dark gray (10YR 3/1) loam, 
black (LOYR 2/1) moist; weak, medium, subangu- 
lar blocky structure and weak, fine, crumb; slightly 
hard, friable, slightly sticky and slightly plastic; 
many roots; neutral; abrupt, smooth boundary. 

A2—6 to 7 inches, gray (10YR 5/1) silt loam, black 
(10YR 2/1) moist; moderate, medium, subangu- 
Jar blocky structure parting to moderate, fine, 
platy; slightly hard, friable, slightly sticky and 
slightly plastic; many roots; neutral; abrupt, wavy 
boundary. 

B21t—7 to 13 inches, dark-gray (5Y 4/1) clay loam, 
black (BY 2/1) moist; strong, medium, columnar 
structure parting to moderate, medium and fine, 
angular blocky; hard, very firm, sticky and plas- 
tic; few roots; thin gray (5Y 5/1) coatings on 
top of columns; mildly alkaline; gradual, wavy 
boundary. 

B22t—13 to 16 inches, dark-gray (5Y 4/1) clay loam, 
very dark gray (5Y 3/1) moist; strong, medium, 
prismatic structure parting to moderate, medium, 
angular blocky; hard, very firm, sticky and plas- 
tic; very slightly effervescent; mildly alkaline; 
gradual, wavy boundary. 

Cles—16 to 22 inches, olive-gray (5Y 5/2) clay loam, 
dark olive gray (5Y 3/2) moist; moderate, me- 
dium, prismatic. structure parting to moderate, 
fine, angular blocky; slightly hard, firm, sticky 
and plastic; common gypsum crystals and common 
fine segregations of salt; strongly effervescent; 
moderately alkaline; gradual, wavy boundary. 

C2ca—22 to 86 inches, light olive-gray (5Y 6/2) clay 
loam, olive (5Y 4/3) moist; moderate, medium, 
prismatic structure parting to moderate, medium, 
angular blocky; slightly hard, firm, sticky and 

lastic; violently effervescent; moderately alka- 
linet gradual, wavy boundary. 

C3—36 to 60 inches, pale-olive (5Y 6/8) clay loam, olive 
(BY 4/3) moist; common, medium, distinct, 
yellowish-brown (10YR 5/4, moist) mottles; mas- 


sive; hard, firm, sticky and plastic; strongly effer- 
vescent; moderately alkaline. 

The Al horizon ranges from 5 to 8 inches in thickness. 
It is very dark gray or dark-gray loam or silt loam. The 
A2 horizon ranges from 0 to 4 inches in thickness. It is 
gray or light gray. It appears as coatings on the top of 
the columnar B2 horizon in some places. The B horizon 
ranges from 8 to 18 inches in thickness. It is dark-gray 
or very dark gray clay loam or silty clay loam. It has 
strong or moderate columnar or prismatic structure that 
parts to strong or moderate angular blocky structure. 
Lime, gypsum, and other salts have accumulated in the 
lower part of the B horizon in many places. The C horizon 
is olive-gray, light olive-gray, or pale-olive clay loam or 
loam. Lime, gypsum, and other salts have accumulated in 
the upper part in most places. 

Larson soils are adjacent to Cathay, Emrick, and Fram 
soils in many places; these soils formed in similar parent 
material. Larson soils have a thinner combined Al and A2 
horizon than Cathay soils. They have an AZ horizon and 
B2t horizon, which Emrick soils and Fram soils lack. 


Larson loam (Lr) —This soi] is nearly level and gently 
sloping and is on glacial till plains. 

Included with this soil in mapping are small areas of 
Heimdal soils and Emrick soils in slightly higher po- 
sitions, Cathay soils in positions similar to those of 
Larson soils, Miranda soils in slightly lower positions, 
and Fram soils and Vallers soils around the edges of 
some depressions, which are identified on the soil map 
by a diamond symbol. Tonka soils are in the depres- 
sions. Stones are common on the surface in some areas. 
In some cultivated areas the surface layer is clay loam 
or silty clay loam that is hard and cloddy when dry 
and sticky when wet, because some of the subsoil has 
been mixed with the surface and subsurface layers. 

Runoff is slow on the nearly level areas and medium 
on the gently sloping areas. Water ponds in the de- 
pressions. Seepage areas occur in some gently sloping 
areas. The hazard of soil blowing is slight. 

Most areas of this soil are cultivated, but some are 
used for pasture and hay. This soil is suited to grain 
crops and grasses; it is poorly suited to legumes. 
Growth of most crops is reduced because of the dense 
subsoil and slow permeability. Correcting wetness and 
maintaining good tilth in cultivated areas are the main 
concerns of management. Capability unit IVs—6P; 
windbreak suitability group 9. 


Lemert Series 


This series consists of deep, nearly level, somewhat 
poorly drained and poorly drained soils that formed 
in moderately coarse textured glaciofluvial deposits. 
These soils are on glacial outwash plains. 

In a representative profile the surface layer is very 
dark gray sandy loam about 3 inches thick. The sub- 
soil is dark-gray, firm sandy loam about 9 inches thick. 
The substratum is 48 inches thick. The upper 5 inches 
is mottled, white loam that has an accumulation of 
lime. The 5 inches below that is light-gray loam that 
also has an accumulation of lime. The next 27 inches 
is light olive-brown medium and coarse sand. The low- 
ermost 11 inches is light brownish-gray clay loam. 

Permeability is slow in the subsoil and rapid in the 
substratum. The available water capacity is low. The 
organic-matter content is moderate, and fertility is 
low. The dense subsoil and salt in the lower part of the 
subsoil restrict root growth and water penetration. 
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The water table is within 4 feet of the surface most 
of the year. A perched water table forms above the 
dense subsoil during periods of heavy rainfall. Tillage 
is often delayed in spring because of wetness. 

These soils are suited to salt-tolerant grasses. 

Representative profile of Lemert sandy loam in a 
hay meadow, 100 feet south and 900 feet west of the 
northeast corner of the SE1, sec. 36, T. 149 N., R. 65 

, Eddy County: 


A1—0 to 3 inches, very dark gray (10YR 3/1) sandy loam, 
black (L0YR 2/1) moist; weak, medium, granular 
structure; slightly hard, very friable, slightly 
sticky and slightly plastic; many roots; neutral; 
abrupt, smooth boundary. 

B21it—3 to 7 inches, dark-gray Yuovr 4/1) sandy loam, 

black (10YR 2/1) moist; strong, medium, colum- 

nar structure parting to strong, medium, sub- 
angular blocky; extremely hard, firm, sticky and 
plastic; common roots; thick continuous clay films 

on faces of peds; few pebbles as large as 5 milli- 

meters; strongly effervescent; strongly alkaline; 

gradual, wavy boundary. 

to 12 inches, dark-gray (10YR 4/1) sandy loam, 

very dark gray (10YR 3/1) moist; strong, medium, 

prismatic structure parting to "strong, medium, 
subangular blocky; extremely hard, firm, sticky 
and plastic; few roots; thick continuous clay films 

on faces of peds; few nebbles as large as 5 milli- 

meters; white (10YR 8/1) segregations of lime in 

ped interiors: violently effervescent in ped in- 
teriors; very. strongly alkaline; gradual, wavy 


boundary. 
Clca—12 to 17 inches, white (2.5Y 8/1) loam, light 
gray (2.5Y 7/1) moist; few, fine, distinct, light 
olive-brown (2.5Y 5/6 moist) mottles; weak, me- 
dium, prismatic structure parting to moderate, 
medium, subangular blocky; slightly hard, friable, 
sticky and plastic; few pebbles as large as 5 
millimeters; thin clay (2.5Y 5/1) coatings on 


B22t—7 


faces of prisms; violently effervescent; very 
strongly alkaline; gradual, wavy boundary. 
C2ca—17 to 22 inches, light-gray (2.5Y 7/2) loam, light 


brownish gray (2.5Y 6/2) moist; weak, medium, 
prismatic structure parting to weak, medium, sub- 
angular blocky; slightly hard, friable, sticky and 
plastic; few pebbles as large as 6 millimeters; 
violently effervescent; very strongly alkaline; 
clear, wavy boundary. 

TIC38—22 to 49 inches, light olive-brown (2.5Y 5/4) me- 
dium and coarse sand, olive brown (2.5Y 4/4) 
moist; single grained; loose, nonsticky and non- 
plastic; common pebbles as large as 10 milli- 
meters; slightly effervescent; strongly alkaline, 
clear, wavy boundary. 

IlIC4—49 to 60 inches, light brownish-gray (2.5Y 6/2) 
clay loam, dark grayish brown (2. BY 4/2) moist; 
massive; hard, firm, sticky and plastic; slightly 
effervescent; moderately alkaline. 


The Al horizon ranges from 1 to 5 inches in thickness. 
Tt is very dark gray or dark-gray sandy loam or loam. 
The A2 horizon is absent in most places, but it appears as 
a thin gray coating on top of the B2t horizon in some places, 
and in other places it is gray platy sandy loam and as 
thick as 2 inches. The B2 horizon ranges from 6 to 14 
inches in thickness. It is dark gray or gray. It has strong 
or moderate prismatic or columnar structure that parts 
to strong or moderate subangular blocky structure. The 
C horizon is light-gray or white sandy loam or loam. The 
TIC horizon is light olive-brown or olive-brown medium 
and coarse sand. Glacial till of clay loam texture is below 
a depth of 40 inches in most places. 

Lemert soils are adjacent to Letcher, Lohnes, Osakis, 
and Totten soils in many places. They have an alkaline 
B2t horizon, which Lohnes soils and Osakis soils do not 
have. They have a thinner A horizon than Letcher soils. 
They formed in glaciofluvial deposits that contain less clay 
than Totten soils, 


Lemert sandy loam (Ls) —This soil is nearly level and 
is in slight depressions on outwash plains. 

Included with this soil in mapping are areas of 
Letcher soils and Totten soils in slightly higher posi- 
tions and areas of Arveson soils and Borup soils in 
lower positions. In some cultivated areas the soils have 
a surface layer that is hard and cloddy when dry and 
sticky when wet, because some of the subsoil has been 
mixed with the surface layer. 

Surface runoff is slow, and water ponds in low 
places. The hazard of soil blowing is very severe. 

Most areas of this soil are used for hay and pasture, 
but some areas are cultivated. This soil is suited to 
salt-tolerant grasses. Growth of most crops is reduced 
because of the dense subsoil and slow permeability of 
the soil. Wetness, soil blowing, droughtiness caused by 
the low available water capacity, and maintenance of 
good soil tilth in cultivated areas are the main con- 
cerns of management. Capability unit VIw—4; wind- 
break suitability group 9. 


Letcher Series 


The Letcher series consists of deep, nearly level, 
somewhat poorly drained, claypan soils that formed 
in moderately coarse textured glaciofluvial deposits. 
These soils are on glacial outwash plains. 

In a representative profile the surface layer is very 
dark gray sandy loam about 7 inches thick. The sub- 
surface layer is dark-gray sandy loam about 2 inches 
thick. The subsoil is very firm sandy loam that is dark 
grayish brown in the upper 8 inches and very dark 
grayish brown in the lower 6 inches. The substratum 
is 42 inches thick. The upper 6 inches is variegated 
light olive-gray and light-gray sandy loam that has an 
accumulation of lime. The 4 inches below that is varie- 
gated olive-gray and light-gray sandy loam that also 
has an accumulation of lime. The next 7 inches is mot- 
tled, grayish-brown coarse sand, and the 9 inches 
below that is mottled, light brownish-gray medium 
sand. The lowermost 16 inches is mottled, light-gray 
coarse and very coarse sand (fig. 12). 

Permeability is slow in the subsoil and rapid in 
the substratum. The available water capacity is low. 
The organic-matter content is moderate, and fertility 
is low. The dense subsoil and the salts in the lower 
part of the subsoil limit root and water penetration. 
The water table is within 5 feet of the surface most 
of the year; it is at or near the surface in spring and 
early in summer. A perched water table forms above 
the dense subsoil during periods of heavy rainfall. 
Tillage is often delayed in spring because of wetness. 

These soils are suited to grain crops and grasses; 
they are poorly suited to legumes. 

Representative profile of Letcher sandy loam, in a 
cultivated field, 165 feet north and 150 feet east of the 
southwest corner of the SE, sec. 27, T. 149 N., R. 65 
W., Eddy County: 

Ailp—0 to 7 inches, very dark gray (10YR 3/1) sandy 
loam, black (10YR 2/1) moist; weak, fine, crumb 


structure; soft, friable, slightly sticky and slightly 
plastic; many roots; slightly acid; abrupt, smooth 
boundary. 
A2—T7 to 9 inches, dark-gray (10YR 4/1) sandy loam, 
black (19YR 2/1) moist; moderate, medium, pris- 
matic structure parting to weak, fine, platy and 
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Figure 12.—Profile of Letcher sandy loam. The growth of roots 
and the downward movement of water are restricted because the 
subsoil is very firm and the soil contains salts. 


crumb; slightly hard, very friable, slightly sticky 
and slightly plastic; many roots; few tongues of 
Al horizon; neutral; abrupt, irregular’ boundary. 

B21t—9 to 12 inches, dark grayish-brown (2.5Y 4/2) sand 
loam, very dark grayish brown (2.5Y 3/2) moist; 
strong, coarse, columnar structure parting to 
strong, medium, angular blocky; very hard, very 
firm, sticky and plastic; few roots; black organic 
stains, clay films, and clear sand grains on faces of 
columns; neutral; gradual, wavy boundary. 

B22t—12 to 18 inches, very dark grayish-brown (2.5Y 
8/2) broken sandy loam, black (10YR 2/1) 
moist; strong, coarse, columnar structure parting 
to strong, medium, angular blocky; very hard, very 
firm, sticky and plastic; gray and light-gray (5Y 
6/1 and 7/1) streaks of lime and gypsum inside 
columns and black and very dark gray (10YR 
2/1 and 38/1) organie stains and clay films on 
faces of columns; strongly effervescent lime 
streaks inside columns, but the main body of the 
column is noneffervescent; mildly alkaline; abrupt, 
irregular boundary. 

Clea—-18 to 24 inches, variegated light olive-gray and 
light-gray (5Y 6/2 and 7/1) sandy loam, olive 
gray (5Y 5/2) moist; weak, medium, subangular 
blocky structure and weak, fine, granular; hard, 
friable, slightly sticky and plastic; violently effer- 
vescent; moderately alkaline; clear, wavy bound- 


ary. 

C2ca—24 to 28 inches, variegated olive-gray and light-gray 
(5Y 5/2 and 7/2) sandy loam, olive gray and light 
olive gray (5Y 4/2 and 6/2) and strong brown 
(T5YR 5/6) moist; weak, medium, subangular 


blocky structure and weak, fine, granular; hard, 
friable, slightly sticky and plastic; very dark 
grayish-brown (2.5Y 3/2) coatings as much as % 
inch thick on faces of peds; violently effervescent; 
moderately alkaline; abrupt, wavy boundary. 

IIC1—-28 to 35 inches, grayish-brown (2.5Y 5/2) coarse 
sand, very dark grayish brown (2.5Y 3/2) moist; 
common, medium, faint, light olive-brown (2.5Y 
5/4, moist) mottles; single grained; soft, very 
friable, slightly sticky and_ slightly plastic; 
strongly effervescent; moderately alkaline; clear, 
wavy boundary. 

TIC2—35 to 44 inches, light brownish-gray (2.5Y 6/2) 
medium sand, olive brown (2.5Y 4/4) moist; com- 
mon, coarse, prominent, yellowish-brown (10YR 
5/6, moist) mottles; single grained; loose, non- 
sticky and nonplastic; strongly effervescent; mod- 
erately alkaline; clear, wavy boundary. 

JIC8—44 to 60 inches, light-gray (2.5Y 7/2) coarse and 
very coarse sand, light olive brown (2.5Y 5/4) 
moist; many, coarse, distinct, yellowish-brown 
(10YR 5/6, moist) mottles; single grained; loose, 
nonsticky and nonplastic; few pebbles as large as 

5 millimeters; strongly effervescent; moderately 

alkaline; few pockets of lime. 


The Al horizon ranges from 5 to 10 inches in thickness. 
It is very dark gray or dark-gray sandy loam or loam. The 
A2 horizon is a thin gray or dark-gray coating on top of 
the B2 horizon in some places, but in most places it is gray 
or dark-gray platy sandy loam that is as thick as 5 inches, 
Some profiles do not have an A2 horizon. The B2 horizon is 
dark grayish-brown, very dark grayish-brown, or dark-gray 
sandy loam or sandy clay loam. Most B2 horizons have an 
accumulation of lime and soluble salts in the lower part. 
Clay films, organic stains, and clear sand grains are com- 
mon on the column faces of the B2 horizon in most places. 
The C horizon is light olive-gray, olive-gray, or light-gray 
sandy loam or loam. The IIC horizon is mottled, grayish- 
brown, light grayish-brown, light brownish-gray, or lght- 
gray stratified medium coarse and very coarse sand. Loam 
or clay loam glacial till is at a depth below 40 inches in 
some places. 

Letcher soils are adjacent to Arveson, Lemert, Totten, 
and Wyndmere soils in many places. They have an alkaline 
B2 horizon, which Arveson soils and Wyndmere soils lack. 
They have a thicker combined Al and A2 horizon than 
Lemert soils, and they are not so poorly drained as Totten 
soils. 

Leteher sandy loam (L+)—This soil is nearly level 
and is on glacial outwash plains. It has the profile 
described as representative of the series. 

Included with this soil in mapping are small areas 
of Totten soils and Letcher, till substratum, soils. 
Also included are small areas of Lemert soils and Borup 
soils in lower positions and areas of Walum soils and 
Kensal soils in slightly higher positions. In some cul- 
tivated areas the soils have a surface layer that is hard 
and cloddy when dry and sticky when wet because 
some of the dense subsoil has been mixed with the 
surface and subsurface layers. 

Runoff is slow, and water ponds in low places. The 
hazard of soil blowing is very severe. 

Some areas of this soil are cultivated; others are in 
hay and pasture. This soil is better suited to salt- 
tolerant grain crops and grasses than to most other 
uses; it is poorly suited to legumes. Growth of most 
crops is reduced because of the dense subsoil and slow 
permeability of the soil. Wetness, soil blowing, drought- 
iness caused by the low available water capacity, and 
maintaining good tilth are the main concerns of man- 
agement. Capability unit IIIe-3P; windbreak suit- 
ability group 9. ; —— 

Letcher sandy loam, till substratum (Lu|—This soil is 
nearly level and is on glacial plains and sand-mantled 


70 SOIL SURVEY 


glacial till. It has a profile similar to the one described 
as representative of the series, but the glacial till is at 
a depth between 40 to 60 inches. 

Included with this soil in mapping are small areas 
of Totten soils and Fram soils in positions similar to 
those of Letcher soils, small areas of Lemert, Borup, 
and Vallers soils in lower positions, and areas of Emb- 
den soils and Walum soils in slightly higher positions. 
In some cultivated areas the soils have a surface layer 
that is hard and cloddy when dry and sticky when wet 
because some of the dense subsoil has been mixed with 
the surface and subsurface layers. In a few areas the 
depth to glacial till is more than 60 inches. 

Runoff is slow, and water ponds in low places. The 
hazard of soil blowing is very severe. 

Some areas of this soil are cultivated; others are in 
hay and pasture. This soil is better suited to salt- 
tolerant grain crops and grasses than to most other 


uses; it is poorly suited to legumes. Growth of most 


crops is reduced because of the dense subsoil and slow 
permeability of the soil. Wetness, soil blowing, drought- 
iness caused by the low available water capacity, and 
maintaining good tilth are the main concerns of man- 
agement. Capability unit II]e-3P; windbreak suit- 
ability group 9. 


Lohnes Series 


The Lohnes series consists of deep, nearly level, 
moderately well drained soils that formed in coarse- 
textured glaciofluvial deposits. These soils are on gla- 
cial outwash plains. 

In a representative profile the surface layer is very 
dark gray loamy coarse sand about 16 inches thick. 
The next layer is dark grayish-brown, very friable 
loamy coarse sand about 14 inches thick. The substra- 
tum is mottled, brown coarse sand in the upper 17 
inches and mottled, grayish-brown coarse sand in the 
lower 13 inches. 

Permeability is rapid, and the available water ca- 
pacity is low. The organic-matter content is low, and 
fertility is low. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Lohnes loamy coarse sand, 
in a hay meadow, 800 feet south and 75 feet west of 
the southeast corner of the NE1/, sec. 22, T. 150 N., R. 
62 W., Eddy County: 


A1l—O to 16 inches, very dark gray (10YR 3/1) loamy 
coarse sand, black (10YR 2/1) moist; weak, fine, 
subangular blocky structure and single grained; 
soft, very friable, slightly sticky and nonplastic; 
many roots; neutral; gradual, wavy boundary. 
to 380 inches, dark grayish-brown (10YR 4/2) 
loamy coarse sand, very dark brown (10YR 2/2) 
moist; very weak, medium and fine, subangular 
blocky structure parting to single grained; loose, 
very friable, slightly sticky and nonplastic; com- 
mon roots; neutral; gradual, wavy boundary. 
C1i—80 to 47 inches, brown (10YR 5/3) coarse sand, dark 
brown (10YR 4/3) moist; few, fine, faint, dark 
yellowish-brown (10YR 4/4, moist) mottles; sin- 
gle grained; loose, nonsticky and nonplastic; few 
roots; mildly alkaline; gradual, wavy boundary. 
C2—47 to 60 inches, grayish-brown (2.5Y 5/2) coarse sand, 
dark grayish brown (2.5Y 4/2) moist; common, 
fine, faint, brownish-yellow (10YR 6/6, moist) 
mottles in the upper part and common, fine, dis- 


AC—16 


tinct, brownish-yellow (10YR 6/6, moist) mottles 

in the lower part; single grained; loose, nonsticky 

and nonplastic; moderately alkaline, 
_ The A horizon ranges from 10 to 30 inches in thickness. It 
is very dark gray or dark-gray loamy coarse sand, loamy 
sand, coarse sandy loam, or sandy loam. The AC horizon 
ranges from 5 to 16 inches in thickness. It is dark grayish- 
brown, very dark grayish-brown, or dark-gray loamy coarse 
sand, loamy sand, or coarse sand. The C horizon is brown, 
grayish-brown, light brownish-gray, or dark grayish-brown 
stratified coarse, medium, and fine sand that has some 
strata of gravel, but it is typically coarse sand. Faint 
mottles are in the lower part of the AC horizon in man 
places, and they become more distinct and numerous ith 
increasing depth. Most profiles are noncaleareous above a 
ages of 3 feet, and they are slightly calcareous below that 
epth. 

Lohnes, Claire, Hamar, and Hecla soils formed in 
similar parent material. Lohnes soils are not so well 
drained as Claire soils. They are better drained than Hamar 
soils. They contain more coarse sand throughout the profile 
than Hecla soils. 

Lohnes loamy coarse sand [lv)—This soil is nearly 
level and is on glacial outwash plains. It has the profile 
described as representative of the series. 

Included with this soil in mapping are small areas of 
Claire, Hecla, and Osakis soils in positions similar to 
those of Lohnes soils, small areas of Hamar soils and 
Wyrene soils in shallow swales, and small areas of soils 
that have been reworked to some extent by soil blow- 
ing. 

Surface runoff is slow, and water ponds in the swales. 
The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated; some are used 
for pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Soil blowing and droughtiness 
caused by the low available water capacity are the 
main concerns of management. Capability unit [Ve-2; 
windbreak suitability group 7. 

Lohnes coarse sandy loam (Lw)—This soil is nearly 
level and is on glacial outwash plains. It has a profile 
similar to the one described as representative of the 
series, but the surface layer is coarse sandy loam. 

Included with this soil in mapping are small areas of 
Claire, Hecla, and Osakis soils in positions similar to 
those of Lohnes soils, small areas of Hamar soils and 
Wyrene soils in shallow swales, and small areas of 
soils that have been reworked to some extent by soil 
blowing. This mapping unit includes small areas of 
soils that have a slightly higher percentage of silt and 
clay in the surface layer than is in the range defined 
for the Lohnes series. 

Surface runoff is slow, and water ponds in the swales. 
The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated; some are used 
for pasture and hay. This soil is suited to grain crops, 
grasses, and legumes, Soil blowing and droughtiness 
caused by the low available water capacity are the 
main concerns of management. Capability unit IITe-3; 
windbreak suitability group 7. 


Ludden Series 


The Ludden series consists of deep, nearly level, 
poorly drained soils that formed in fine-textured al- 
luvial sediment. These soils are on flood plains and 
in shallow channels and oxbows along the Sheyenne 
and James Rivers. 
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In a representative profile the surface layer is about 
30 inches thick. The upper 7 inches is dark-gray silty 
clay. The 9 inches below that is very dark gray clay. 
The lowermost 14 inches is dark-gray clay that con- 
tains an accumulation of lime. The substratum in the 
upper 11 inches is light olive-gray, firm clay that con- 
tains an accumulation of lime; it is gray clay in the 
lower 19 inches, 

Permeability is slow, and the available water ca- 
pacity is high. The organic-matter content is high, and 
fertility is medium. The water table is within 5 feet 
of the surface most of the year. Some flooding occurs 
in spring and during periods of heavy rainfall in sum- 
mer. 

These soils are better suited to grasses than to most 
other uses. If drained, they are suited to grain crops 
and legumes. 

Representative profile of Ludden silty clay jn a culti- 
vated field, 160 feet north and 1,000 feet east of the 
southwest corner of sec. 32, T. 149 N., R. 58 W., Nelson 
County: 


Allp—0 to 7 inches, dark-gray (5Y 4/1) silty clay, black 
(5Y 2/1) moist; moderate, medium, angular 
blocky structure parting to moderate, medium, 
granular; very hard, firm, sticky and very plastic; 
many roots; few segregations of lime and salt; 
slightly effervescent; mildly alkaline; abrupt, 
smooth boundary. 

A12—7 to 1§ inches, very dark gray (SY 3/1) clay, black 
(N 1/0) moist; weak, coarse and medium, pris- 
matic structure parting to moderate, fine and 
very fine, angular blocky; hard, firm, very sticky 
and very plastic; common roots; few segregations 
of lime and salt; strongly effervescent; mildly 
alkaline; clear, irregular boundary. 

Al8ca—16 to 30 inches, dark-gray (N 4/0) clay, black 
(5Y 2/1) moist; weak, coarse, prismatic structure 
parting to moderate, fine and very fine, subangular 
blocky; hard, firm, very sticky and very plastic; 
few roots; common segregations of lime; violently 
effervescent; mildly alkaline; clear, smooth bound- 


ary. 

Clcag—30 to 41 inches, light olive-gray (5Y 6/2) clay, 
dark olive gray (5Y 3/2) moist; weak, coarse, 
prismatic structure parting to moderate, fine and 
very fine, subangular blocky; hard, firm, very 
sticky and very plastic; black organic stains on 
faces of prisms; common segregations of lime; 
violently effervescent; mildly alkaline; clear, 
smooth boundary. 

C2g—41 to 60 inches, gray (5Y 5/1) clay, very dark gray 
(5Y 8/1) moist; massive; hard, firm, very sticky 
and very plastic; common segregations of lime; 
violently effervescent; mildly alkaline. 


The A horizon ranges from 20 to 40 inches in thickness. 
It is dark-gray or very dark gray silty clay, silty clay loam, 
or clay. In some areas the upper part of the A horizon is 
silty clay loam. In most places the A horizon has an ac- 
cumulation of lime in the lower part. Segregations of salt 
are in or just below the A horizon in some places. The C 
horizon is dark-gray, gray, or light olive-gray silty clay or 
clay that has an accumulation of lime in the upper part in 
most places. A buried A horizon is in the lower part of some 
profiles. 

Ludden soils are adjacent to Lamoure, Ryan, and Wahpe- 
ton soils in many places. They formed in finer textured 
alluvium than Lamoure soils. They lack the alkaline B2t 
horizon that is a characteristic of Ryan soils. They are more 
poorly drained and have lime closer to the surface than 
Wahpeton soils. 


Ludden silty elay (Lx)—This soil is nearly level and 
is on flood plains and in shallow channels and oxbows, 


It has the profile described as representative of the 
series. 

Included with this soil in mapping are small areas 
of moderately saline Ludden soils, Ryan soils, and La- 
moure soils in positions similar to those of Ludden 
soils. Also included are areas of Wahpeton soils in 
slightly higher positions. 

Runoff is slow, and water ponds in low places. This 
soil is subject to flooding in spring and during periods 
of heavy rainfall. The hazard of soil blowing is severe. 

Some areas of this soil are cultivated if they are 
large enough for cultivation to be economically feas- 
ible. Other areas are used for pasture and hay, and 
some are left idle. This soil is better suited to grasses 
than to most other uses. If drained, it is suited to grain 
crops and legumes. Wetness and soil blowing are the 
main concerns of management. Capability unit 
Ulw—4; windbreak suitability group 1. 

Ludden-Lamoure complex (Lz).—Soils of this nearly 
level mapping unit are in shallow channels and oxbows. 
The Ludden soil has a profile similar to the one de- 
scribed as representative of the series, but it has a sur- 
face layer of silty clay loam. The Ludden soils are in 
deeper, more poorly drained positions, and the Lamoure 
soils are in slightly higher positions. Composition of 
this mapping unit is variable from area to area; each 
soil makes up 20 to 70 percent of the acreage. 

Included with these soils in mapping are small areas 
of Ryan soils and saline Ludden soils in positions simi- 
lar to those of nonsaline Ludden soils. Also included 
are areas of saline Lamoure soils in positions similar 
to those of nonsaline Lamoure soils and areas of Rau- 
ville soils in lower, more poorly drained areas. 

Runoff is slow, and water ponds on the Ludden soils. 
The soils of this mapping unit are subject to flooding 
in spring and during periods of heavy rainfall. The 
hazard of soil blowing is severe in drained and culti- 
vated areas. 

Most areas of this mapping unit are left idle; a few 
areas are used for pasture. The soils are better suited 
to grasses than to most other uses. Wetness and soil 
blowing are the main concerns of management. Capa- 
bility unit Vw—8; Ludden soil is in windbreak suita- 
bility group 1, Lamoure soil is in windbreak suitability 
group 2. 


Maddock Series 


The Maddock series consists of deep, nearly level to 
very steep, well-drained soils that formed in coarse- 
textured glaciofluvial deposits. These soils are on gla- 
cial outwash plains and sand-mantled glacial till plains. 

In.a representative profile the surface layer is dark- 
gray sandy loam about 7 inches thick. The subsoil 
is dark grayish-brown, very friable loamy sand about 
18 inches thick. The substratum is 40 inches thick. 
The upper 15 inches is brown loamy sand. The 5 inches 
below that is pale-brown loamy sand. The next 8 inches 
is pale-brown sand, The lowermost 12 inches is grayish- 
brown sand. 

Permeability is rapid, and the available water ca- 
pacity is low. The organic-matter content is moderate, 
and fertility is low. 

Where slopes are 9 percent or less and where these 
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soils have a moderately coarse textured surface layer 
the soils are suited to grain crops, grasses, and legumes. 
Where slopes are 6 percent or less and where the sur- 
face layer is coarse textured these soils are suited to 
grain crops, grasses, and legumes. 

Representative profile of Maddock sandy loam, 0 to 
8 percent slopes, in a cultivated field, 1,200 feet south 
and 160 feet west of the northeast corner of sec. 8, 
T. 150 N., R. 63 W., Eddy County: 


Ap—0 to 7 inches, dark-gray (lOYR 4/1) sandy loam, 
black (LOYR 2/1) moist; weak, medium and fine, 
subangular blocky structure; soft, very friable, 
slightly sticky and slightly plastic; many roots; 
slightly acid; abrupt, smooth boundary. 

B2—7 to 20 inches; dark grayish-brown (10YR 4/2) loamy 
sand, very dark grayish brown (10YR 3/2) moist; 
weak, coarse, angular blocky structure parting to 
weak, medium and fine, subangular bocky; soft, 
very friable; slightly sticky and nonplastic; com- 
mon roots; neutral; clear, smooth boundary. 

C1—-20 to 35 inches, brown (10YR 5/3) loamy sand, dark 
grayish brown (10YR 4/2) moist; weak, medium 
and fine, subangular blocky structure parting to 
single grained; soft, very friable, very slightly 
sticky and nonplastic; few roots; few pebbles as 
large as 5 millimeters; neutral; clear, smooth 
boundary. 

C2—85 to 40 inches, pale-brown (10YR 6/3) loamy sand, 
grayish brown (10YR 5/2) moist; single grained; 
loose, very slightly sticky and nonplastic; few 
roots; few pebbles as large as 5 millimeters; 
slightly effervescent; mildly alkaline; gradual, 
smooth boundary. 

C3—40 to 48 inches, pale-brown (10YR 6/38) sand, dark 
brown (10YR 4/3) moist; single grained; loose, 
nonsticky and nonplastic; few pebbles as large as 
10 millimeters; slightly effervescent; mildly alka- 
line; clear, smooth boundary. 

C4—48 to 60 inches, grayish-brown (10YR 5/2) sand, dark 
grayish brown (10YR 4/2) moist; single grained; 
loose, nonsticky and nonplastic; few pebbles as 
large as 5 millimeters; slightly effervescent; 
mildly alkaline. 


The A horizon ranges from 7 to 15 inches in thickness. It 
is dark-gray or very dark gray loamy sand, loamy fine sand, 
sandy loam, or fine sandy loam. The B horizon ranges from 
6 to 16 inches in thickness. It is dark grayish-brown or 
grayish-brown loamy sand or loamy fine sand. The C hori- 
zon is brown, pale brown, grayish brown, or light brownish 
gray. It is loamy sand, loamy fine sand, sand, or fine sand; 
the sand is stratified in places. Typically, the C horizon is 
noncaleareous above a depth of 40 inches. It becomes in- 
creasingly calcareous with depth. Some profiles are non- 
calcareous throughout. Glacial till is below a depth of 40 
inches in places. 

Maddock soils are adjacent to Dickey, Hecla, and Serden 
soils in many places. Unlike Dickey soils, they lack glacial 
till between depths of 20 and 40 inches. They have a thinner 
A horizon than Hecla soils and a thicker A horizon than 
Serden soils. 


Maddock loamy sand, 0 to 3 percent slopes (MaA).— 
This soil is on glacial outwash plains and sand-mantled 
glacial till. It has a profile similar to the one described 
as representative of the series, but it has a surface 
layer of loamy sand. 

Included with this soil in mapping are small areas 
of Claire soils and Serden soils in convex positions 
and areas of Hecla soils and Lohnes soils in concave 
positions on glacial outwash plains. Also included are 
small areas of Dickey soils in convex positions and 
areas of Towner soils in concave positions on sand- 
mantled glacial till. About 10 percent of the acreage 
of this soil has glacial till at a depth of 40 to 60 inches. 


Some areas of this soil have been reworked to some 
extent by soil blowing. 

Surface runoff is slow. The hazard of soil blowing 
is very severe. 

Most areas of this soil are cultivated; some are used 
for pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Soil blowing and droughtiness 
caused by the low available water capacity are the 
main concerns of management. Capability unit I[Ve-2; 
windbreak suitability group 5. 

Maddock Ioamy sand, 3 to 6 percent slopes {Ma8).— 
This soil is on glacial outwash plains and sand-mantled 
glacial till. It has a profile similar to the one described 
as representative of the series, but it has a surface 
layer of loamy sand. 

Included with this soil in mapping are small areas 
of Claire soils and Serden soils on summits and shoul- 
der slopes and areas of Hecla soils and Lohnes soils on 
foot slopes and toe slopes on glacial outwash plains. 
Also included are small areas of Dickey soils on sum- 
mits, shoulder slopes, and back slopes, and areas of 
Towner soils on foot slopes and toe slopes on sand- 
mantled glacial till. About 25 percent of the acreage 
of this soil has glacial till at a depth of 40 to 60 inches. 
Some areas of this soil have been reworked to some 
extent by soil blowing. 

Surface runoff is medium, and water ponds in low 
places. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated; some are used 
for pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Soil blowing, surface runoff, and 
droughtiness caused by the low available water capac- 
ity are the main concerns of management. Capability 
unit [Ve-2; windbreak suitability group 5. 

Maddock loamy sand, 6 to 9 percent slopes (MaC).— 
This soil is on glacial outwash plains and sand-mantled 
glacial till. It has a profile similar to the one described 
as representative of the series, but it has a surface 
layer of loamy sand. 

Included with this soil in mapping are small areas 
of Claire soils and Serden soils on summits, shoulder 
slopes, and back slopes, areas of Hecla soils and Lohnes 
soils on foot slopes and toe slopes, and areas of Hamar 
soils in swales on glacial outwash plains. Also included 
are small areas of Dickey soils and Heimdal soils on 
summits, shoulder slopes, and back slopes, areas of 
Towner soils on foot slopes and toe slopes, and areas of 
Hamar soils and Kratka soils in swales on sand- 
mantled glacial till. About 30 percent of the acreage 
of this soil has glacial till at a depth of 40 to 60 inches. 
Many areas of this soil have been reworked to some 
extent by soil blowing. 

Surface runoff is rapid, and water ponds in swales. 
The hazard of soil blowing is very severe. 

Most areas of this soil are used for pasture; some are 
cultivated. This soil is better suited to grasses than to 
most other uses. It is suited to grain crops and legumes 
if protective measures are used. Soil blowing, surface 
runoff, and droughtiness caused by the low available 
water capacity are the main concerns of management. 
Capability unit Vle-2; windbreak suitability group 5. 

Maddock sandy loam, 0 to 3 percent slopes (MbA).— 
This soil is on glacial outwash plains and sand- 
mantled glacial till. It has the profile described as rep- 
resentative of the series. 
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Included with this soil in mapping are small areas of 
Claire soils and Serden soils in convex positions and 
areas of Hecla soils and Lohnes soils in concave posi- 
tions on glacial outwash plains, Also included are small 
areas of Dickey soils in convex positions and areas 
of Towner soils in coneave positions on sand-mantled 
glacial till. Some areas of this soil have been reworked 
to some extent by soil blowing. About 5 percent of the 
acreage of this soil has glacial till at a depth of 40 to 
60 inches. 

Surface runoff is slow. The hazard of soil blowing 
is very severe. 

Most areas of this soil are cultivated; some are used 
for pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Soil blowing and droughtiness 
caused by the low available water capacity are the main 
concerns of management. Capability unit IIIe-3; 
windbreak suitability group 5. 

Maddock sandy loam, 3 to 6 percent slopes (Mb8).— 
This soil is on glacial outwash plains and sand-mantled 
glacial till. 

Included with this soil in mapping are small areas 
of Claire soils and Serden soils on summits and shoul- 
der slopes and areas of Hecla soils and Lohnes soils 
on foot slopes and toe slopes on glacial outwash plains. 
Also included are small areas of Dickey soils on sum- 
mits, shoulder slopes, and back slopes and areas of 
Towner soils on foot slopes and toe slopes on sand- 
mantled glacial till. About 5 percent of the acreage of 
this soil has glacial till at a depth of 40 to 60 inches. 
Some areas of this soil have been reworked to some 
extent by soil blowing. 

Surface runoff is medium, and water ponds in low 
places. The hazard of soil blowing is very severe. 

Most areas of this soil are cultivated; some are used 
for pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Soil blowing, surface runoff, and 
droughtiness caused by the low available water capac- 
ity are the main concerns of management, Capability 
unit [Ile-3; windbreak suitability group 5. 

Maddock sandy loam, 6 to 9 percent slopes (MbC}.— 
This soil is on glacial outwash plains and sand-mantled 
glacial till. 

Included with this soil in mapping are small areas 
of Claire soils and Serden soils on summits, shoulder 
slopes, and back slopes, areas of Hecla soils and Lohnes 
soils on foot slopes and toe slopes, and areas of Hamar 
soils in swales on glacial outwash plains. Also included 
are small areas of Dickey soils and Heimdal soils on 
summits, shoulder slopes, and back slopes, areas of 
Towner soils on foot slopes and toe slopes, and areas of 
Hamar soils and Kratka soils in swales on sand- 
mantled glacial till, About 20 percent of the acreage of 
this soil has glacial till at a depth of 40 to 60 inches. 
Many areas of this soil have been reworked to some 
extent by soil blowing. 

Surface runoff is rapid, and water ponds in swales. 
The hazard of soil blowing is very severe. 

Most areas of this soil are used for pasture; some are 
cultivated. This soil is better suited to grasses than to 
most other uses. It is suited to grain crops and legumes 
if protective measures are used. Soil blowing, surface 
runoff, and droughtiness caused by the low available 
water capacity are the main concerns of management. 
Capability unit [Ve-8; windbreak suitability group 5. 


Maddock-Dickey sandy loams, 0 to 6 percent slopes 
(MdB}.—Soils of this mapping unit are on sand-mantled 
glacial till. About 20 percent of the acreage is nearly 
level. The Maddock soil has a profile similar to the one 
described as representative of the series, but it has 
glacial till at a depth of 40 to 60 inches in most places. 
The Dickey soil has a profile similar to the one de- 
scribed as representative of the series, but it has a sur- 
face layer of sandy loam. The Maddock soils, on back 
slopes, make up about 40 percent of the mapping unit, 
and Dickey soils, on summits, shoulder slopes, and back 
slopes, make up about 35 percent. 

Included with these soils in mapping are small areas 
of Heimdal soils on summits and shoulder slopes, areas 
of Hecla soils and Towner soils on foot slopes and toe 
slopes, and areas of Hamar soils and Kratka soils in 
shallow swales, Also included are a few areas of soils 
that have a surface layer of fine sandy loam. Some 
areas of this mapping unit have been reworked to some 
extent by soil blowing. 

Surface runoff is slow on the nearly level areas and 
medium on the gently undulating areas. Water ponds 
in swales. The hazard of soil blowing is very severe. 

Most areas of this mapping unit are cultivated; 
some are used for pasture and hay. The soils are suited 
to grain crops, grasses, and legumes. Soil blowing, sur- 
face runoff, and droughtiness caused by the low avail- 
able water capacity are the main concerns of manage- 
ment. Capability unit II[e-83M; windbreak suitability 
group 5, 

Maddock-Dickey sandy loams, 6 to 9 percent slopes 
(MdC}.—Soils of this mapping unit are on sand-mantled 
glacial till, The Maddock soil has a profile similar to 
the one described as representative of the series, but it 
has glacial till at a depth of 40 to 60 inches in most 
places. The Dickey soil has a profile similar to the one 
described as representative of the series, but the sur- 
face layer is sandy loam. The Maddock soils, on back 
slopes, make up about 30 percent. 

Included with these soils in mapping are small areas 
of Heimdal soils on summits and shoulder slopes, areas 
of Hecla soils and Towner soils on foot slopes and toe 
slopes, and areas of Hamar soils and Kratka soils in 
shallow swales. Also included are a few areas of soils 
that have a surface layer of fine sandy loam. Some 
areas of this mapping unit have been reworked by soil 
blowing. 

Surface runoff is rapid, and water ponds in swales. 
The hazard of soil blowing is very severe. 

Most areas of this mapping unit are used for pas- 
ture; some are cultivated. The soils are better suited to 
grasses than to most other uses. They are suited to 
grain crops and legumes if protective measures are 
used. Soil blowing, surface runoff, and droughtiness 
caused by the low available water capacity are the 
main concerns of management. Capability unit [Ve— 
38M; windbreak suitability group 5. 

Maddock-Serden loamy fine sands, 9 to 30 percent 
slopes (MeD).—Soils of this mapping unit are on glacial 
outwash plains. About 20 percent of the acreage has 
been wind modified. Blowout areas are common, and 
relief is 5 to 20 feet. 

The Maddock soil has a profile similar to the one 
described as representative of the series, but it has a 
surface layer of loamy fine sand. The Serden soil has 
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the profile described as representative of the series. 
In wind-modified areas, the surface layer of the Mad- 
dock soils and Serden soils is fine sand in most places. 

In moderately steep and hilly areas, the Maddock 
soils, on back slopes, make up about 50 percent of the 
mapping unit, and the Serden soils, on summits, shoul- 
der slopes, and upper back slopes, make up about 40 
percent. Included in mapping are small areas of Hecla 
soils on foot slopes and toe slopes. 

In the wind-modified areas, the Maddock soils and 
the Serden soils each make up about 40 percent of the 
mapping unit. Included in mapping are small areas of 
Hecla soils on foot slopes and toe slopes and areas of 
Hamar soils and Venlo soils in swales. 

Surface runoff is very rapid, and water ponds in 
swales. The hazard of soil blowing is very severe. 

Areas of this mapping unit are used for pasture or 
are left idle. Soils of the mapping wnit are suited to 
grasses; they are not suited to grain crops and legumes. 
Soil blowing, surface runoff, and droughtiness caused 
by the low available water capacity are the main con- 
cerns of management. Capability unit VIe-2; Mad- 
dock soil is in windbreak suitability group 5, Serden 
soil is in windbreak suitability group 7. 

Maddock-Serden-Hecla loamy fine sands, 9 to 25 per- 
cent slopes (MfD|—Soils of this mapping unit are on 
sand-mantled glacial moraines. The Maddock soil has 
a profile similar to the one described as representative 
of the series, but it has a surface layer of loamy fine 
sandy. The Hecla soil has a profile similar to the one 
described as representative of the series, but it has a 
surface layer of loamy fine sand. Maddock soils on 
back slopes, Serden soils on summits and shoulder 
slopes, and Hecla soils on foot slopes and toe slopes 
each make up about 30 percent of the mapping unit. 

Included with these soils in mapping are small areas 
of Hamar soils and Venlo soils in swales and areas of 
Esmond soils and Heimdal soils on summits and shoul- 
der slopes where the glacial till is within 40 inches of 
the surface. Some areas of this mapping unit have 
been reworked by soil blowing. 

Surface runoff is very rapid, and water ponds in 
swales. The hazard of soil blowing is very severe. 

Areas of this mapping unit are either used for pas- 
ture or are left idle. The soils are suited to grasses; 
they are not suited to grain crops and legumes. Soil 
blowing, surface runoff, and droughtiness caused by 
the low available water capacity are the main concerns 
of management. Capability unit Vle-2; Maddock soil 
is in windbreak suitability group 5, Serden soil is in 
windbreak suitability group 7, Hecla soil is in wind- 
break suitability group 5. 


Made Land 


Made land (Mg) consists of areas from which a part 
or all of the surface layer and subsoil have been re- 
moved. It includes city dumps, sewage lagoons, aban- 
doned highways, and other areas where the surface 
covering has been removed. Capability unit and wind- 
break suitability group not assigned. 


Marsh 


Marsh (Mh) consists of shallow lakes, marshy areas, 


and depressions that are wet during most or all of the 
growing season, These areas are too wet for soil ex- 
amination. The vegetation consists of rushes, cattails, 
reeds, sedges, and other aquatic plants that have little 
or no value as livestock feed. Water occupies the center 
of some of the areas. This land type is used as wildlife 
habitat. Capability unit Vw-8; windbreak suitability 
group 10, 


Marysland Series 


The Marysland series consists of moderately deep, 
nearly level, poorly drained, calcareous soils that 
formed in medium-textured glaciofluvial deposits over- 
lying coarse-textured glaciofluvial deposits. These soils 
are on glacial outwash plains and channels. 

In a representative profile the surface layer, about 
12 inches thick, is very dark gray loam in the upper 
part and gray silty loam that has an accumulation of 
lime in the lower part. The layer below that, which is 
about 12 inches thick, is friable silt loam that contains 
an accumulation of lime. It is gray in the upper part 
and light gray in the lower part. Below that is about 
5 inches of dark-gray sandy clay loam. The underlying 
material is medium-textured and coarse-textured sand 
that is light olive gray in the upper 11 inches and gray 
in the lower 12 inches (fig. 13). 

Permeability is moderately rapid, and the available 


Figure 13.—Profile of Marysland loam, a moderately deep, 
nearly level, poorly drained, calcareous soil. 
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water capacity is moderate. Organic-matter content is 
high, and fertility is medium. The water table is within 
3 feet of the surface most of the year and at or near 
the surface in spring and early in summer in poorly 
drained areas; it is closer to the surface for longer 
periods in very wet areas. Drains are difficult to in- 
stall because outlets are not generally available. 

These soils are suited to grasses and, where drained, 
to crops and legumes. 

Representative profile of Marysland loam, in a drain- 
age channel, 190 feet north and 700 feet east of the 
southwest corner of sec, 24, T. 149 N., R. 64 W., Eddy 
County: 


All—0 to 7 inches, very dark gray (10YR 3/1) loam, black 
(1LOYR 2/1) moist; weak, fine, crumb structure; 
slightly hard, friable, slightly sticky and plastic; 
many roots; violently effervescent; moderately al- 
kaline; clear, wavy boundary. 

Al2ca—7 to 12 inches, gray (N 5/0) silt loam, very dark 
gray (N 3/0) moist; weak, very coarse, prismatic 
structure parting to weak, fine, crumb; slightly 
hard, friable, slightly sticky and plastic; common 
roots; violently effervescent; moderately alkaline; 
gradual, wavy boundary. 

Clca—12 to 17 inches, gray (N 5/0) silt loam, very dark 
gray (N 3/0) moist; weak, very coarse, prismatic 
structure parting to moderate, fine, crumb; soft, 
friable, slightly sticky and plastic; common roots; 
violently effervescent; moderately alkaline; grad- 
ual, wavy boundary, 

C2ca—17 to 24 inches, light-gray (N 6/0) silt loam, dark 
gray (5Y 4/1). moist; weak, very coarse, pris- 
matic structure parting to moderate, fine, crumb; 
slightly hard, friable, slightly sticky and plastic; 
few roots; violently effervescent; moderately alka- 
line; abrupt, wavy boundary. 

ITAb—-24 to 29 inches, dark-gray (N 4/0) sandy clay loam, 
black (LOYR 2/1) moist; few, fine, faint, dark- 
brown (10YR 3/3, moist) mottles; massive; 
slightly hard, friable, sticky and plastic; strongly 
effervescent; moderately alkaline; abrupt, wavy 
boundary. 

IIC1—29 to 40 inches, light olive-gray (5Y 6/2) medium 
and coarse sand, olive (5Y 5/3) moist; few, me- 
dium, distinct, yellowish-brown (10YR 5/6, moist) 
mottles; single grained; loose, nonsticky and non- 
plastic; few white (N 8/0, moist) segregations of 
lime that are violently effervescent; moderately 
alkaline; gradual, wavy boundary. 

IIC2—40 to 60 inches, gray (5Y 6/1) medium and coarse 
sand, olive gray (5Y 5/2) moist; few, fine, promi- 
nent, black (10YR 2/1, moist) and many, coarse, 
prominent, dark reddish-brown (5YR_ 3/8, moist) 
mottles; single grained; loose, nonsticky and non- 
plastic; slightly effervescent; moderately alkaline. 


Depth to sand ranges from 24 to 40 inches, but typically 
is 24 to 30 inches. The A horizon ranges from 9 to 16 inches 
in thickness, It is very dark gray, dark-gray, or gray loam 
or silt loam. Typically, the A horizon is calcareous and has 
an accumulation of lime in the lower part, but it is non- 
calcareous in some places. The Cea horizon ranges from 10 
to 20 inches in thickness. It is dark-gray, gray, or light-gray 
loam or silt loam. It has weak or moderate prismatic struc- 
ture that parts to weak or moderate blocky and erumb 
structure. The IIC horizon consists of stratified sands that 
contain gravel in places. A buried A horizon above the IIC 
horizon occurs in most places. Soils in a few places have an 
organic surface layer as much as 6 inches thick. 

Marysland soils are adjacent to Borup, Divide, and Tot- 
ten soils in many places. They have coarser sand and 
gravel at a shallower depth than Borup soils. They are 
more poorly drained than Divide soils. They lack the alka- 
line B2t horizon that is typical of Totten soils. 


Marysland loam (Mm}.—This soil is nearly level and 
is in depressions on glacial outwash plains and chan- 


nels. It has the profile described as representative of 
the series. 

Included with this soil in mapping are small areas 
of Borup soils in positions similar to those of Marys- 
land soils and small areas of Divide soils and Totten 
soils in slightly higher positions. The microrelief is 
hummocky in some areas. A few smal! areas are saline. 

Surface runoff is very slow. The hazard of soil 
blowing is severe. 

Most areas of this soil are used for pasture and hay; 
some are cultivated along with adjoining better drained 
soils. This soil is suited to grasses and, where drained, 
to grain crops and legumes, Wetness and soil blowing 
are the main concerns of management. Capability unit 
IIw-4L; windbreak suitability group 2. 

Marysland and Arveson loams (Mn)—Soils of this 
nearly level, undifferentiated mapping unit are in de- 
pressions on glacial outwash plains and channels. The 
Arveson soil has a profile similar to the one described 
as representative of the series, but the surface layer 
is loam. Composition of this mapping unit varies from 
area to area, 

Included with these soils in mapping are small areas 
of Borup soils in positions similar to those of Marys- 
land soils and Arveson soils and small areas of Divide, 
Letcher, Stirum, Totten, and Wyndmere soils in 
slightly higher positions. The microrelief is hummocky 
in some areas. A few small areas are saline. 

Surface runoff is very slow. The hazard of soil blow- 
ing is severe. 

Most areas of this mapping unit are used for pasture 
and hay; some are cultivated along with adjoining 
better drained soils. The soils are suited to grasses and, 
where drained, to grain crops and legumes. Wetness 
and soil blowing are the main concerns of management. 
Capability unit IIw—4L; windbreak suitability group 2. 


Minnewaukan Series 


The Minnewaukan series consists of deep, gently roll- 
ing and sloping, poorly drained soils that formed in 
coarse-textured alluvial sediment. These soils are on 
beaches of lakes, some of which are dry. 

In a representative profile the surface layer is dark- 
gray loamy fine sand about 3 inches thick. The layer 
below that is grayish-brown loamy coarse sand and 
gravel about 2 inches thick. The substratum is 55 
inches thick. The upper 11 inches is mottled, light 
brownish-gray, very friable loamy sand. The 12 inches 
below that is variegated gray and light olive-gray 
loamy sand. The next 8 inches is light-gray fine sand, 
and the 14 inches below that is variegated dark-brown 
and brown fine sand. The lowermost 18 inches is pale- 
olive fine sand. 

Permeability is rapid, and the available water ca- 
pacity is low. The organic-matter content is low, and 
fertility is low. The water table is within 5 feet of the 
surface most of the year. 

These soils are suited to grasses, small grains, and 
legumes. 

Representative profile of Minnewaukan loamy fine 
sand, 6 to 9 percent slopes, in a pasture on the beach 
of Free People’s Lake, 1,050 feet south and 150 feet 
west of the northeast corner of sec. 17, T. 151 N., 
R. 63 W., Benson County: 
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A—O to 3 inches, dark-gray (1O0YR 4/1) loamy fine sand, 
black (LOYR 2/1) moist; weak, fine, granular and 
subangular blocky structure; soft, very friable, 
slightly sticky and nonplastic; many roots; few 
pebbles as large as 5 millimeters; slightly effer- 
vescent; mildly alkaline; abrupt, smooth boundary. 

AC-—-3 to 5 inches, grayish-brown (2.5Y 5/2) loamy coarse 
sand and gravel, dark grayish brown and very 
dark grayish brown (2.5Y 4/2 and 8/2) moist; 
single grained; loose; nonsticky and nonplastic; 
many roots; slightly effervescent; mildly alkaline; 
clear, smooth boundary. 

C1—5 to 16 inches, light brownish-gray (2.5Y 6/2) loamy 
sand, dark grayish brown and olive brown (2.5Y 
4/2 and 4/8) moist; many, fine, distinct, dark 
yellowish-brown (1OYR 4/4, moist) mottles; weak, 
coarse, prismatic structure parting to weak, me- 
dium, subangular blocky; soft, very friable, 
slightly sticky and nonplastic; few roots; common 
pebbles as large as 20 millimeters; slightly effer- 
vescent; mildly alkaline; clear, wavy boundary. 

C2g—16 to 28 inches, variegated gray and light olive-gray 
(BY 6/1 and 6/2) loamy sand, olive gray and 
olive (5Y 4/2 and 4/3) moist; very weak, coarse, 
prismatic structure parting to single grained; 
soft; loose, slightly sticky and nonplastic; few 
roots; common pebbles as large as 20 millimeters; 
sand and pebbles are about 380 percent fragments 
of shale; few, fine, accumulations of lime; slightly 
effervescent; mildly alkaline; clear, wavy bound- 


ary. 

C8g—28 to 86 inches, light-gray (5Y 7/2) fine sand, 
variegated olive gray and gray (5Y 5/2 and 5/1) 
moist; single grained; loose, nonsticky and non- 
plastic; few pebbles as large as 10 millimeters; 
slightly effervescent; mildly alkaline; clear, wavy 
boundary. 

C4g—26 to 50 inches, variegated dark-brown and brown 
(LOYR 4/8 and 5/8) fine sand, dark brown (10YR 
3/3) moist; single grained; loose, nonsticky and 
nonplastic; few small soft accumulations of iron- 
manganese; slightly effervescent; moderately al- 
kaline; clear, wavy boundary. . 

C5g—50 to 60 inches, pale-olive (5Y 6/8) fine sand, olive 
(5Y 4/8) moist; single grained; loose, nonsticky 
and nonplastic; slightly effervescent; moderately 
alkaline. 


The A horizon ranges from 2 to 6 inches in thickness. It 
is very dark gray or dark-gray sand, fine sand, loamy sand, 
loamy fine sand, sandy loam, or fine sandy loam. Typically, 
the C horizon consists of stratified sand, loamy sand, and 
sandy loam. A buried A horizon is in the C horizon in some 
places. Glacial till and fine lacustrine sediment are below a 
depth of about 40 inches in places. Gypsum crystals and 
other salts are throughout the profile in some places. 

Minnewaukan soils have profile characteristics similar to 
those of Arveson soils and Fossum soils and are adjacent to 
Lallie soils in many places. They lack the accumulation of 
lime in the upper part of the C horizon that is typical of 
Arveson soils. They have a thinner A horizon than Fossum 
soils. They contain more sand throughout the upper 40 
inches than Lallie soils. 


Minnewaukan loamy fine sand, 6 to 9 percent slopes 
(MwC})—This soil is on beaches of existing and dry 
lakes. 

Included with this soil in mapping are small areas 
of Buse, Coe, and Sioux soils in sloping places and 
areas of Arveson soils and Lallie soils in nearly level 
places. Some areas are saline and others have many 
stones on the surface. Also ineluded are small areas 
of soils in which the surface layer ranges from sand to 
sandy loam. 

Runoff is rapid, and water ponds in some of the 
nearly level areas. The hazard of soil blowing is very 
severe. 

Most areas of this soil are either used for pasture 


or are left idle; some are used for hay and others are 
cultivated. This soil is better suited to grasses than to 
most other uses, but small grains and legumes ean be 
grown if erosion is adequately controlled. Soil blowing, 
wetness, surface runoff in sloping areas, and droughti- 
ness caused by the low available water capacity are 
the main concerns of management. Capability unit 
IVs-2; windbreak suitability group 10. 


Miranda Series 


The Miranda series consists of deep, nearly level, 
moderately well drained claypan soils that formed in 
medium textured and moderately fine textured glacial 
till. These soils are in low broad swales on glacial till 
plains. 

In a representative profile the surface layer is 
dark-gray clay loam about 2 inches thick. The subsoil 
is gray, firm clay loam about 6 inches thick. The sub- 
stratum is mottled, light brownish-gray clay loam that 
has an accumulation of lime in the upper 22 inches 
and is mottled, grayish-brown clay loam in the lower 
80 inches. 

Permeability is very slow, and the available water 
capacity is low. The organic-matter content is moder- 
ate, and fertility is low. The dense subsoi] and salts 
in the lower part of the subsoil limit root growth 
and water penetration. The water table is within 4 
feet of the surface most of the year, and it is at or 
near the surface in spring and early in summer, A 
perched water table forms above the dense subsoil dur- 
ing periods of heavy rainfall. Tillage is often delayed 
in spring because of wetness, 

These soils are suited to salt-tolerant grasses. 

Representative profile of Miranda clay loam, in an 
area of Miranda-Cavour clay loams, in a pasture, 80 
feet south and 135 feet east of the northwest corner 
of sec. 26, T. 148 N., R. 67 W., Eddy County: 


Al and A2—0 to 2 inches, dark-gray (1lOYR 4/1) clay 
loam, very dark gray (10YR 38/1) moist; weak, 
very fine, platy and crumb structure; slightly hard, 
friable, slightly sticky and slightly plastic; many 
roots; very slightly effervescent; mildly alkaline; 
clear, smooth boundary. 

B2t—2 to 8 inches, gray (10YR 5/1) clay loam, very dark 
grayish brown (10YR 3/2) moist; strong, coarse, 
columnar structure parting to strong and mod- 
erate, fine, angular blocky; very hard, firm, very 
sticky and plastic; organic stains on faces of 
columns; common roots; strongly effervescent; 
moderately alkaline; clear, wavy boundary. 

Clea—8 to 30 inches, light brownish-gray (2.5Y 6/2) clay 
loam, light olive brown (2.5Y 5/4) moist; common, 
medium, distinct, yellowish-brown (10YR 5/4, 
moist} mottles; moderate, coarse, prismatic struc- 
ture parting to moderate, medium and fine, sub- 
angular blocky; very hard, firm, sticky and plastic; 
few roots in upper part; violently effervescent; 
strongly alkaline; gradual, wavy boundary. 

C2—380 to 60 inches, grayish-brown (2.5Y 5/2) clay loam, 
light olive brown (2.5Y 5/4) moist; common, me- 
dium, distinct, dark reddish-brown (5YR 3/3, 
moist) and yellowish-brown (10YR 5/4, moist) 
mottles; massive; very hard, firm, sticky and plas- 
tic; common pockets of sand; strongly efferves- 
cent; strongly alkaline. 


The Al horizon ranges from 1 to 4 inches in thickness. It 
is dark-gray or very dark gray loam or clay loam. The A2 
horizon is either a thin gray coating on top of the B2 hori- 
zon or gray platy loam that is as thick as 2 inches. In some 
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places the Al and A2 horizons are eroded and the B2 hori- 
zon is exposed. The B2 horizon ranges from 6 to 10 inches 
in thickness. It is gray, dark-gray, or very dark gray clay 
loam or silty clay loam. It has strong or moderate columnar- 
prismatic structure that parts to strong or moderate angu- 
lar blocky structure. Lime, gypsum, and other soluble salts 
have accumulated in the lower part of the B horizon in 
some places. The C horizon is mottled, light brownish-gray, 
grayish-brown, or olive-gray clay loam or loam. Pockets and 
dpe of sand occur throughout the C horizon in most 
places. 

Miranda soils have profile characteristics similar to these 
of Cavour soils and Larson soils and are adjacent to Vallers 
soils and Cavour soils in many places. They have a thinner 
combined Al and A2 horizon than Cavour soils and Larson 
soils. They have an alkaline B2t horizon, which Vallers 
soils do not have. 


Miranda-Cayour elay loams (Mx|—Soils of this map- 
ping unit are in low, broad, nearly level swales on the 
glacial till plain. The Miranda soils. have the profile 
described as representative of the series. The Cavour 
soils have a profile similar to the one described as 
representative of the series, but the surface layer is 
clay loam. Miranda soils make up about 50 percent of 
the mapping unit, and Cavour soils, in slightly higher 
positions, make up about 40 percent. 

Included with these soils in mapping are small areas 
of Hamerly soils in slightly higher positions, areas of 
Vallers soils in lower, more poorly drained swales, 
and areas of Tonka soils and Parnell soils in depres- 
sions, which are identified on the soil map by a dia- 
mond symbol. In some cultivated areas the surface 
layer is hard and cloddy when dry and sticky when 
wet because some of the subsoil has been mixed with 
the surface and subsurface layers. Also included are 
some grassed areas where the surface layer is loam. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is slight. 

Most areas are used for pasture and hay; some are 
cultivated along with adjoining soils. The soils of this 
mapping unit are better suited to salt-tolerant grasses 
than to most other uses. Growth of most crops is re- 
duced because of the dense subsoil, slow permeability, 
and high content of salt. Wetness, the high content 
of salt, and slow permeability are the main concerns 
of management. Capability unit VIs~6p; windbreak 
suitability group 9. 


Nutley Series 


The Nutley series consists of deep, nearly level, well- 
drained soils that formed in moderately fine textured 
and fine textured glaciolacustrine sediment, These soils 
are in ancient ice-blocked lakes in morainic areas. These 
soils are mapped only in a complex with Fargo soils. 
The mapping unit is Fargo and Nutley silty clay loams. 
It is described under the Fargo series. 

In a representative profile the surface layer is dark- 
gray silty clay loam about 7 inches thick. The subsoil 
is light brownish-gray, friable silty clay loam about 21 
inches thick. The substratum is 82 inches thick. The 
upper 12 inches is mottled, light brownish-gray clay 
loam. The 10 inches below that is variegated, light 
brownish-gray and gray clay loam. The next 6 inches 
is light brownish-gray medium sand. The lowermost 
4 inches is light brownish-gray silty clay loam. 


Permeability is slow, and the available water capac- 
ity is high. The organic-matter content is high, and 
fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Nutley silty clay loam, in 
an area of Fargo and Nutley silty clay loams, in a 
cultivated field, 240 feet north and 75 feet west of ap- 
proach, 1,800 feet west of the southeast corner of sec. 
31, T. 150 N., R. 66 W., Eddy County: 


Ap—O to 7 inches, dark-gray (10YR 4/1) silty clay loam, 
black (10YR 2/1) moist; moderate, fine, granular 
structure; slightly hard, friable, sticky and plas- 
tic; many roots; slightly effervescent; mildly alka- 
line; abrupt, smooth boundary. 

B21—7 to 14 inches, light brownish-gray (2.5Y 6/2) silty 
clay loam, dark grayish brown (2.5Y 4/2) moist; 
moderate, medium and fine, angular blocky struc- 
ture; slightly hard, friable, sticky and plastic; 
common roots; tongues of A horizon extend into 
this horizon; strongly effervescent; mildly alka- 
line; gradual, wavy boundary. 

B22—14 to 28 inches, light brownish-gray (2.5Y 6/2) silty 
clay loam, dark grayish brown (2.5Y 4/2) moist; 
moderate, medium and fine, angular blocky struc- 
ture; hard, friable, sticky and plastic; few roots; 
violently effervescent; moderately alkaline; grad- 
ual, wavy boundary. 

C1—28 to 40 inches, light brownish-gray (2.5Y 6/2) silty 
clay loam, olive brown (2.5Y 4/4) moist; few, 
fine, distinct, yellowish-brown (10YR 5/6, moist) 
mottles; moderate, medium, prismatic structure 
parting to moderate, medium, subangular blocky; 
hard, friable, sticky and plastic; strongly efferves- 
cent; mildly alkaline; gradual, wavy boundary. 

C2—40 to 50 inches, variegated, light brownish-gray and 
gray (2.5Y 6/2 and 6/0) elay loam, olive brown 
and gray (2.5Y 4/4 and 5/0) moist; massive; 
hard, friable, sticky and plastic; strongly efferves- 
cent; moderately alkaline; abrupt, wavy boundary. 

IIC3—50 to 56 inches, light brownish-gray (2.5Y 6/2) 
medium sand, dark grayish brown (2.5Y 4/2) 
moist; single grained; loose, nonsticky and non- 
plastic; strongly effervescent; moderately alka- 
line; abrupt, wavy boundary. 

ITITC4—56 to 60 inches, light brownish-gray (2.5Y 6/2) 
silty clay loam, olive brown (2.5Y 4/4) moist; 
massive; hard, firm, sticky and plastic; strongly 
effervescent; moderately alkaline. 

The A horizon ranges from 6 to 12 inches in thickness. 
It is dark-gray or very dark gray silty clay loam or silty 
clay. The B horizon ranges from 6 to 22 inches in thickness. 
It is light brownish-gray, grayish-brown, or dark grayish- 
brown silty clay loam or silty clay. It has moderate or 
strong angular blocky structure. Tongues of A horizon ex- 
tend into the B horizon in most places. The C horizon is 
light brownish gray, gray, or light olive gray, Sand strata 
- glacial till are below a depth of about 40 inches in many 
places. 

Nutley soils are adjacent to Fargo soils in many places. 
They are better drained than Fargo soils. 


Osakis Series 


The Osakis series consists of shallow, nearly level, 
moderately well drained soils that formed in moder- 
ately coarse textured glaciofluvial deposits overlying 
coarse textured glaciofluvial deposits. These soils are 
on glacial outwash plains. 

In a representative profile the surface layer is very 
dark gray sandy loam about 6 inches thick. The subsoil 
is friable sandy loam about 12 inches thick. It is dark 
grayish brown in the upper 6 inches and mottled, 


73 SOIL SURVEY 


grayish brown in the lower 6 inches. The substratum, 
in the upper 12 inches, is mottled, olive-gray loamy 
coarse sand that has an accumulation of lime; in the 
lower 30 inches it is variegated light yellowish-brown 
and light brownish-gray sand and gravel. 

Permeability is moderately rapid in the surface layer 
and subsoil and rapid in the substratum. The available 
water capacity is low. The organic-matter content is 
moderate, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Osakis sandy loam in a 
cultivated field, 110 feet north and 450 feet west of the 
southeast corner of sec. 26, T. 150 N., R. 66 W., Eddy 
County: 


Ap—0 to 6 inches, very dark gray (10OYR 3/1) sandy 
loam, black (10YR 2/1) moist; weak, medium, 
subangular blocky structure and moderate, fine, 
granular; slightly hard, friable, slightly sticky and 
slightly plastic; many roots; common pebbles as 
large as 5 millimeters and few as large as 20 
millimeters; neutral; abrupt, smooth boundary. 

B21—6 to 12 inches, dark grayish-brown (10YR 4/2) 
sandy loam, very dark grayish brown (10YR 3/2) 
moist; moderate, medium, prismatic structure 
parting to moderate, coarse and medium, subangu- 
lar blocky; slightly hard, friable, slightly sticky 
and slightly plastic; common roots; common peb- 
vles as large as 20 millimeters and few as large as 
40 millimeters; thin very dark brown (10YR 2/2, 
moist) organic coats on faces of prisms; neutral; 
clear, wavy boundary. 

B22—12 to 18 inches, grayish-brown (2.5Y 5/2) sandy 
loam, dark grayish brown (2.5Y 4/2) moist; com- 
mon, medium, distinct, yellowish-brown (10YR 
5/6, moist) mottles; moderate, medium, prismatic 
structure parting to moderate, medium, subangu- 
lar blocky; slightly hard, friable, slightly sticky 
and slightly plastic; common roots; many pebbles 
as large as 10 millimeters and common pebbles as 
large as 20 millimeters; thin patchy organic coat 
on faces of prisms; mildly alkaline; clear, wavy 
boundary. 

TICica—18 to 380 inches, olive-gray (5Y 5/2) crushed 
loamy coarse sand, olive (5Y 4/3) moist; common, 
medium, distinct, yellowish-brown (10YR 5/6, 
moist) mottles; weak, coarse, prismatic structure 
parting to weak, coarse, subangular blocky and 
single grained; soft, very friable, slightly sticky 
and nonplastic; few roots; common white (N 8/0, 
moist) nodules and segregations of lime; common 
pebbles as large as 10 millimeters and few peb- 
bles as large as 25 millimeters; violently efferves- 
cent; mildly alkaline; gradual, wavy boundary. 

TIC2—-80 to 60 inches, variegated, light yellowish-brown 
and light brownish-gray (2.5Y 6/4 and 6/2) sand 
and gravel, olive brown and dark grayish brown 
(2.5¥ 4/4 and 4/2) moist; common, medium, dis- 
tinct, yellowish-brown (10YR 5/6, moist) mottles; 
single grained; loose, nonsticky and _nonplastic; 
strongly effervescent; moderately alkaline. 


Depth to the sand and gravel substratum ranges from 10 
to 20 inches, but typically is 15 to 20 inches. The A horizon 
ranges from 5 to 12 inches in thickness. It is dark gray or 
very dark gray. The B horizon ranges from 5 to 16 inches 
in thickness. It is dark grayish brown, grayish brown, dark 
gray, or light olive brown, It has moderate to weak pris- 
matic structure that parts to moderate or weak subangular 
blocky structure. Mottles are in the lower part of the B 
horizon and are throughout the B horizon in some places. 
Clay films, organic coats, and bleached sand grains are on 
the faces of prisms in places. An accumulation of lime is in 
the lower part of the B horizon in some places, The IIC 
horizon typically consists of stratified granitic sand and 
gravel but contains a layer of shaly sand and gravel in 
places. In most places, lime has accumulated in the upper 


part of the IIC horizon. Lime coats the underside of pebbles 
in one or more of the IIC horizon in most places. Glacial till 
is below a depth of about 40 inches in some places. 

Osakis soils are adjacent to Arvilla, Clontarf, and Tolna 
soils in many places. They have mottles in the B horizon, 
unlike Arvilla soils and Clontarf soils. They are better 
drained than Tolna soils, and they lack a platy A2 horizon, 
which is a characteristic of Tolna soils. 


QOsakis sandy loam ae soil is nearly level and 
is on glacial outwash plains. It has the profile de- 
seribed as representative of the series. The content of 
gravel in the substratum ranges from 10 percent to 
more than 40 percent by volume. 

Included with this soil in mapping are small areas 
of Arvilla, Clontarf, and Lohnes soils in positions simi- 
lar to those of Osakis soils and small areas of Divide 
soils in slightly lower positions. Glacial till is at a 
depth below 40 inches in places. 

Surface runoff is slow. The hazard of soil blowing is 
very severe. 

Most areas of this soil are cultivated; some are used 
for pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Soil blowing and droughtiness 
caused by the low available water capacity are the main 
concerns of management. Capability unit I[les-—3; 
windbreak suitability group 1. 

Osakis sandy loam, gravelly substratum (Ot)—This 
soil is nearly level and is on glacial outwash plains, It 
has a profile similar to the one described as representa- 
tive of the series, but the substratum contains more 
than 40 percent gravel by volume. 

Included with this soi] in mapping are small areas 
of Arvilla, Clontarf, and Lohnes soils in positions simi- 
lar to those of Osakis soils, small areas of Divide soils 
in slightly lower positions, and areas of Osakis soils 
that contain less than 40 percent gravel by volume in 
the substratum. Glacial till is at a depth below 40 
inches in some places, 

Surface runoff is slow. The hazard of soil blowing 
is very severe. 

Most areas of this soi] are cultivated; some are used 
for pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Soil blowing and droughtiness 
caused by the low available water capacity are the 
main concerns of management, Capability unit ITTes— 
3; windbreak suitability group 1. 

Osakis sandy loam, till substratum (Ou}—This soil 
is nearly level and is on glacial outwash plains gen- 
erally adjacent to areas of glacial till. It has a profile 
similar to the one described as representative of the 
series, but glacial till is at a depth below 40 inches. 
The content of gravel in the substratum above the 
glacial till ranges from 10 percent to more than 40 
percent by volume. 

Tneluded with this soil in mapping are small areas 
of Clontarf soils and Lohnes soils in positions similar 
to those of Osakis soils and small areas of Divide soils 
and Fram soils in slightly lower positions. 

Surface runoff is slow. The hazard of soil blowing 
is very severe, 

Most areas of this soil are cultivated; some are used 
for pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Soil blowing and droughtiness 
caused by the low available water capacity are the main 
concerns of management. Capability unit ITIes—3; 
windbreak suitability group 1. 
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Overly Series 


The Overly series consists of deep, nearly level, mod- 
erately well drained soils that formed in moderately 
fine textured glaciofluvial deposits. These soils are in a 
basin on a glacial outwash plain. 

In a representative profile the surface layer is very 
dark gray silty clay loam about 11 inches thick. The 
subsoil is dark-gray firm silty clay loam about 14 
inches thick. The substratum is 35 inches thick. The 
upper 9 inches is light-gray silty clay loam that con- 
tains an accumulation of lime. The next 14 inches 
is light yellowish-brown silty clay loam. The lower 
12 inches is grayish-brown silty clay loam. 

Permeability is moderately slow, and the available 
water capacity is high. The organic-matter content is 
moderate, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Overly silty clay loam, in a 
cultivated field, 1,200 feet north and 400 feet west of 
the southeast corner of sec. 6, T. lu1 N., R. 64 W.,, 
Benson County: 


Alp—0O to 7 inches, very dark gray (10YR 3/1) silty clay 
loam, black (10YR 2/1) moist; moderate, fine, 
granular structure; slightly hard, friable, sticky 
and plastic; many roots; neutral; abrupt, smooth 
boundary. 

A12—7 to 11 inches, very dark gray (10YR 3/1) silty clay 
loam, black (10YR 2/1) moist; weak, coarse and 
medium, subangular blocky structure; slightly 
hard, friable, sticky and plastic; common roots; 
neutral; gradual, smooth boundary. 

B21—11 to 18 inches, dark-gray (10YR 4/1) silty clay 
loam, very dark gray (10YR 3/1) moist; moder- 
ate, coarse and medium, prismatic structure part- 
ing to strong and moderate, medium and fine, 
subangular blocky structure; hard, firm, sticky and 
plastic; common roots; neutral; gradual, smooth 
boundary. 

B22—18 to 25 inches, dark-gray (1lOYR 4/1) silty clay 
loam, very dark gray (10YR 3/1) moist; weak, 
coarse and medium,. prismatic structure parting to 
moderate, medium, subangular blocky; hard, firm, 
sticky and plastic; common roots; neutral; grad- 
ual, wavy boundary. 

Clea—25 to 34 inches, light-gray (2.5Y 7/2) silty clay 
loam, light brownish gray (2.5Y 6/2) moist; mas- 
sive; hard, firm, sticky and plastic; violently effer- 
vescent; mildly alkaline; gradual, wavy boundary. 

C2—34 to 48 inches, light yellowish-brown (2.5Y 6/4) silty 
clay loam, light olive brown (2.5Y 5/4) moist; 
massive; hard, firm, sticky and plastic; strongly 
effervescent; mildly alkaline; gradual, wavy 
boundary. 

C8—48 to 60 inches, grayish-brown (2.5Y 5/2) silty clay 
loam, dark grayish brown (2.5Y 4/2) moist; mas- 
sive; hard, firm, sticky and plastic; many gypsum 
crystals; strongly effervescent; mildly alkaline. 


The A horizon ranges from 8 to 16 inches in thickness. 
It is very dark gray or dark gray. The B horizon ranges 
from 10 to 20 inches in thickness. It is dark gray or dark 
grayish brown. It has weak to moderate prismatic structure 
that parts to moderate to strong subangular blocky struc- 
ture. The C horizon is light-gray, light yellowish-brown, or 
grayish-brown silty clay loam or silt loam. Typically, an 
accumulation of lime is in the upper part of the C horizon, 
but some profiles lack this accumulation. Segregations of 
salt and gypsum crystals are in the lower-part of the C 
horizon in some places. 

Overly soils are adjacent to Bearden, Colvin, Gardena, 
Vang, and Walsh soils in many places. Unlike Bearden 
soils and Colvin soils, they have a B horizon. They formed 


in Ones textured deposits than Gardena, Vang, and Walsh 
SOLS. 

Overly silty clay loam (Ov)—This soil is nearly level 
and is in a basin surrounded by coarse-textured glacial 
outwash. 

Included with this soil in mapping are small areas 
of Bearden soils in slightly lower positions and areas 
of Vang soils and Walsh soils in slightly higher areas 
along the edges of this mapping unit. 

Runoff is slow, and water ponds in low places. This 
soil receives runoff from adjacent higher lying areas. 
The hazard of soil blowing is slight. 

Most areas of this soil are cultivated. The soil is 
suited to small grains, grasses, and legumes. Timely 
tillage is the main concern of management, Capability 
unit IIc-6; windbreak suitability group 1. 


Parnell Series 


The Parnell series consists of deep, nearly level, very 
poorly drained soils that formed in medium textured 
or moderately fine textured local alluvium overlying 
glacial till. These soils are in closed depressions on 
glacial till plains. 

In a representative profile the surface layer is dark- 
gray silty clay loam about 18 inches thick. The subsoil 
is mottled, dark-gray, very firm silty clay about 22 
inches thick. The substratum is mottled, dark-gray 
silty clay loam. 

Permeability is slow, and the available water capac- 
ity is high. The organic-matter content is high, and 
fertility is high. These soils receive runoff from the 
surrounding higher lying areas in spring and during 
periods of heavy rainfall. Drains are difficult to install 
because outlets are not generally available. 

These soils are suited to grasses and, where drained, 
to grain crops and legumes. 

Representative profile of Parnell silty clay loam, in 
a depression, 800 feet south and 120 feet west of the 
northeast corner of sec. 16, T. 149 N., R. 67 W., Eddy 
County: 


A—0 to 18 inches, dark-gray (N 4/0) silty clay loam, black 
(N 2/0) moist; weak, coarse, prismatic structure 
parting to moderate, fine, crumb; slightly hard, 
friable, sticky and plastic; many roots; neutral; 
gradual, wavy boundary. 

B2tg—18 to 40 inches, dark-gray (5Y 4/1) silty clay, black 
(5Y 2/1) moist; few, fine, faint, olive (5Y 4/4, 
moist) mottles; weak, medium, prismatic struc- 
ture parting to moderate, medium, subangular 
blocky; very hard, very firm, sticky and plastic; 
few roots; few thin patchy clay films on faces of 
blocks; few concretions of iron; slightly efferves- 
cent; neutral; gradual, wavy boundary. 

Cg—40 to 60 inches, dark-gray (5Y 4/1) silty clay loam, 
black (5Y 2/1) moist; many medium, distinct, 
olive (5Y 4/4, moist) mottles; massive; very hard, 
very firm, sticky and plastic; neutral. 


Thickness of the local alluvium overlying the glacial till 
ranges from about 3 feet to more than 5 feet. The A horizon 
ranges from 10 to 20 inches in thickness. It is dark-gray or 
very dark gray silty clay loam, clay loam, or silt loam. The 
B horizon ranges from 12 to 86 inches in thickness. It is 
dark gray or very dark gray. It has weak or moderate 
prismatic structure that parts to moderate or strong sub- 
angular blocky structure and is mottled in most places. The 
C horizon is mottled, very dark gray or dark-gray silty clay 
loam or silt loam alluvium in some places, and in others it is 
mottled, olive or olive-gray clay loam glacial till. A partly 
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decomposed layer of organic matter as much as 3 inches 
thick is on the surface in some areas. Snail shells and con- 
eretions of iron are common throughout the profile in most 
DAs nell soils are adjacent to Tonka and Vallers soils in 
many places. They lack an A2 horizon, which is a charac- 
teristie of Tonka soils. They have a B2t horizon, unlike 
Vallers soils. 

Parnell silty clay loam (Pa).—This soil is nearly level 
and is in closed depressions on glacial till plains. 

Included with this soil in mapping are small areas of 
Tonka soils in positions similar to those of Parnell soils 
and areas of Fram, Hamerly, and Vallers soils along 
the edge of some of the depressions. 

Runoff ponds on this soil, and wetness limits the use 
of the soil in all but the driest years. Vegetation gen- 
erally consists of sedges, bullrushes, cattails, and prai- 
rie cordgrass. 

Areas of this soil are used mainly for pasture and 
hay. Some are left idle and used for wildlife habitat. 
In dry years some areas are cultivated. This soil is 
better suited to grasses and wetland vegetation than 
to most other uses. If drainage is feasible, the soil is 
suited to grain crops, grasses, and legumes. Wetness is 
the main concern of management. Capability unit 
IlIw-7; windbreak suitability group 2. 


Peat 


Peat (Pe) consists of deposits of peat that are under- 
lain by coarse-textured glaciofluvial deposits. Depth to 
mineral deposits, consisting of sand and gravel, ranges 
from 2 feet to more than 5 feet but typically the range 
is 2 to 4 feet. This land type is in very poorly drained, 
depressed flats and outwash channels that receive seep- 
age from higher lying areas. The water table is at or 
near the surface most of the year. Hummocks, 1 to 2 
feet high, are common in some areas. Vegetation is 
mainly slough grasses and sedges. 

Areas of this land type are used for pasture or are 
left idle for use as wildlife habitat. In dry seasons 
some areas are cut for hay. Capability unit Vw-8; 
windbreak suitability group 10. 


Perella Series 


The Perella series consists of deep, nearly level, 
poorly drained soils that formed in moderately fine 
textured glaciofluvial deposits over moderately coarse 
textured and coarse textured glaciofluvial deposits. 
These soils are in depressions on glacial outwash plains. 

In a representative profile the surface layer is dark- 
gray silty clay loam about 18 inches thick. The subsoil 
is grayish-brown, firm silty clay loam about 10 inches 
thick. The substratum is 32 inches thick. The upper 
8 inches is mottled, light olive-gray sandy loam, The 
6 inches below that is mottled, light olive-gray sandy 
clay loam. The lowermost 18 inches is mottled, light- 
gray sand. 

Permeability is moderately slow, and the available 
water capacity is high. The organic-matter content is 
high, and fertility is medium. The water table is within 
3 feet of the surface most of the year; it is at or near 
the surface in spring and early in summer. Drains are 
difficult to install in most areas because outlets are not 
generally available. 


These soils are suited to grasses and, where drained, 
to grain crops and legumes. 

Representative profile of Perella silty clay loam, in 
a pasture, 1,200 feet north and 1,000 feet east of the 
southwest corner of sec. 21, T. 150 N., R. 59 W., Nelson 
County: 


Al1—0 to 5 inches, dark-gray (N 4/0) silty clay loam, 
black (N 2/0) moist; weak, medium, subangular 
blocky structure parting to moderate, fine, granu- 
lay; soft, very friable, slightly sticky and plastic; 
many roots; neutral; clear, smooth boundary. 

Al2—5 to 18 inches, dark-gray (N 4/0) silty clay loam, 
black (N 2/0) moist; few, fine, faint, dark 
grayish-brown and very dark gvayish-brown 
(1O0YR 4/2 and 8/2, moist) mottles; weak, coarse 
and medium, subangular blocky structure parting 
to moderate, fine, subangular blocky; slightly hard, 
friable, sticky and plastic; many roots; slightly 
effervescent; neutral; clear, wavy boundary. 

B2g—18 to 28 inches, grayish-brown (2.5Y 5/2) silty clay 
loam, dark grayish brown (2.5Y 4/2) moist; few, 
fine, distinct, dark yellowish-brown (10YR 4/4, 
moist) mottles; moderate, medium, prismatic 
structure parting to moderate, fine, subangular 
blocky; hard, firm, sticky and plastic; common 
roots; slightly effervescent; mildly alkaline; clear, 
smooth boundary. 

IIC1—28 to 86 inches, light olive-gray (5Y 6/2) sandy 
loam, olive gray (5Y 4/2) moist; common, me- 
dium, distinct, dark yellowish-brown (10YR 4/4, 
moist), light brownish-gray (1OYR 6/2, moist), 
and gray (N 5/0, moist) mottles; weak, medium, 
subangular blocky structure; slightly hard, very 
friable, slightly sticky and slightly plastic; few 
roots; neutral; clear, smooth boundary. 

IIIC2—-36 to 42 inches, light olive-gray (SY 6/2) sandy 
clay loam, olive gray (5Y 5/2) moist; common, 
medium, distinct, yellowish-brown (10¥R 5/4, 
moist) and dark yellowish-brown (1OYR 4/4, 
moist) mottles; weak, medium, subangular blocky 
structure; slightly hard, friable, slightly sticky 
and slightly plastic; few roots; neutral; clear, 
smooth boundary. 

IVC3—42 to 60 inches, light-gray (5Y 6/1) sand, gray 
(5Y 5/1) moist; common, medium, distinct, light 
olive-brown (2.5Y 5/4, moist) and olive-brown 
(2.5Y 4/4, moist) mottles; single grained; loose, 
nonsticky and nonplastic; neutral. 


The A horizon ranges from 10 to 20 inches in thickness. 
It is dark-gray or very dark gray silty clay loam or silt 
loam. Mottles occur in the lower part of the A horizon in 
most places. The B horizon ranges from 10 to 20 inches in 
thickness. It is mottled, dark grayish brown, grayish brown, 
or gray. The B horizon has moderate or strong prismatic 
structure that parts to moderate or strong subangular 
blocky structure. The C horizon is light olive gray, olive 
gray, or light gray and is mottled in most places. Most 
profiles are nonealcareous, but a few have gypsum, lime, 
and other soluble salts throughout the C horizon. The 
Perella soils mapped in this survey area contain a higher 
percentage of sand than that in the range defined for the 
series, but this difference does not alter their use and be- 
havior. 

Perella soils are adjacent to Bearden, Colvin, and Tiffany 
soils in many places. Unlike Bearden, Colvin, and Tiffany 
soils, they have a B2g horizon. 


Perella silty clay loam (Pr).—This soil is nearly level 
and is in depressions on glacial outwash plains. 

Included with this soil in mapping are small areas 
of Colvin soils in positions similar to those of Perella 
soils, small areas of Bearden soils in slightly higher 
positions, areas of Perella soils that have a silt loam 
surface layer, and areas of Perella soils that are silt 
loam or silty clay loam throughout the substratum. 

Surface runoff is very slow, and water ponds in 
spring and during periods of heavy rainfall. In a few 
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areas, drainage ditches remove surface water to per- 
mit cultivation. The hazard of soil blowing is slight. 

Most areas of this soil are used for pasture and hay; 
some are cultivated along with adjoining better drained 
soils or soils in areas that have been drained. This soil 
is suited to grasses and, where drained, to grain crops 
and legumes. Wetness is the main concern of manage- 
ment. Capability unit Ilw—6; windbreak suitability 
group 2. 


Rauville Series 


The Rauville series consists of deep, nearly level, 
very poorly drained soils that formed in moderately 
fine textured alluvial sediments. These soils are on flood 
plains of the Sheyenne and James Rivers. 

In a representative profile the surface layer is silty 
clay loam about 21 inches thick. It is very dark gray 
in the upper 2 inches, dark gray in the next 10 inches, 
and gray in the lower 9 inches. The substratum is 39 
inches thick. The upper 15 inches is gray, friable sandy 
clay loam, loam, and sand that has been mixed by frost 
churning. The next 14 inches is mottled, gray sand. 
The lower 10 inches is mottled, light-gray sand. 

Permeability is slow, and the available water capac- 
ity is moderate, The organic-matter content is high, and 
fertility is medium. The water table is within 3 feet 
of the surface most of the year. Some flooding occurs 
in spring and during periods of heavy rainfall. 

These soils are better suited to grasses than to most 
other uses. 

Representative profile of Rauville silty clay loam, in 
hayland, 500 feet north and 150 feet east of the south- 
west corner of the NW! sec. 18, T. 149 N., R. 59 W., 
Nelson County: 


Al1—0 to 2 inches, very dark gray (5Y 3/1) silty clay 
loam, black (5Y 2/1) moist; moderate, fine, gran- 
ular structure; hard, friable, sticky and plastic; 
many roots; violently effervescent; moderately al- 
kaline; clear, broken boundary. 

Al2g—2 to 12 inches, dark-gray (N 4/0) silty clay loam, 
black (N 2/0) moist; strong, fine; granular 
structure; very hard, friable, sticky and plastic; 
conmmon roots; tongues of All horizon extend 
through this horizon; violently effervescent; mod- 
erately alkaline; clear, broken boundary. 

Al8g—-12 to 21 inches, gray (N 5/0) silty clay loam, 
very dark gray (N 3/0) moist; strong, fine, gran- 
ular structure; very hard, friable, sticky and 
plastic; common roots; tongues of All horizon 
extend into this horizon; violently effervescent; 
moderately alkaline; clear, wavy boundary. 

Clg—21 to 36 inches, gray (5Y 6/1) sandy clay loam, 
loam, and sand mixed by frost churning, olive 
gray (5Y 5/2) moist; moderate, fine, granular 
structure and single grained; slightly hard, friable, 
slightly sticky and slightly plastic; strongly ef- 
fervescent; moderately alkaline; clear, smooth 
boundary. 

TIC2—36 to 50 inches, gray (5Y 6/1) sand, dark gray 
(5Y 4/1) moist; common, fine, very dark brown 
(10YR 2/2, moist) mottles; single grained; loose, 
nonsticky and nonplastic; few concretions of iron 
and coarse, sand-sized shale; slightly effervescent; 
moderately alkaline; clear, wavy boundary. 

TIC3—50 to 60 inches, light-gray (5Y 7/1) sand, gray 
(5Y 5/1) moist; common, medium, distinct, dark- 
brown and very dark brown (10YR 3/3 and 2/2, 
moist} mottles; single grained; loose, nonsticky 
and nonplastic; slightly effervescent; moderately 
alkaline. 


The A horizon ranges from 10 to 30 inches in thickness. 
It is gray, dark-gray, or very dark gray silty clay loam or 
silt loam. Mottles are in the lower part of the A horizon 
in many places. A surface layer of partly decomposed 
organie matter as much as 3 inches thick is present in 
some areas. The Cg and IICg horizons are light olive gray, 
light olive brown, light gray, or gray. Profiles are calcar- 
eous in most places, but they are noncalcareous in some 
areas. 

Rauville soils mapped in this survey contain a higher 
percentage of sand than is in the range defined for the 
series, but this difference does not alter their usefulness 
and behavior. 

Rauville soils are adjacent to Lamoure soils and Ludden 
soils in many places. They are more poorly drained than 
Lamoure soils and Ludden soils. 

Rauville silty clay loam (Ra)—This soil is nearly level 
and is in depressions on flood plains and in oxbows and 
old channels of the Sheyenne and James Rivers. 

Included with this soil in mapping are small areas of 
Lamoure soils and Ludden soils in slightly higher areas. 
Also included are a few areas that have a surface layer 
of silt loam. 

Surface runoff is very slow, and water ponds in some 
areas. This soil is subject to flooding in spring and dur- 
ing periods of heavy rainfall. 

Practically all areas of this soil are used for pasture 
and hay. This soil is suited to grasses. Wetness is the 
main concern of management, Capability unit Vw-8; 
windbreak suitability group 10. 


Renshaw Series 


The Renshaw series consists of shallow, nearly level 
and gently sloping, somewhat excessively drained soils 
that formed in medium-textured glaciofiuvial deposits 
overlying coarse-textured glaciofluvial deposits. These 
soils are on glacial outwash plains, on terraces along 
rivers and drainageways, and in areas of glacial till 
(fig. 14). ; 

In a representative profile the surface layer is dark- 
gray loam about 6 inches thick. The subsoil is varie- 
gated, dark grayish-brown and grayish-brown, friable 
loam about 9 inches thick. The substratum is brown 
sand and gravel in the upper 21 inches and pale-brown 
sand in the lower 24 inches. 

Permeability is moderately rapid in the surface layer 
and subsoil and very rapid in the substratum. The 
available water capacity is low. The organic-matter 
content is moderate, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Renshaw loam, 0 to 8 per- 
cent slopes, in a cultivated field, 100 feet north and 
1,300 feet east of the southwest corner of sec. 18, T. 
150 N., R. 58 W., Nelson County: 

Ap—0 to 6 inches, dark-gray (10YR 4/1) loam, black 
(10YR 2/1) moist; weak, medium, subangular 
blocky structure; slightly hard, friable, slightly 
sticky and slightly plastic; many roots; neutral; 
abrupt, smooth boundary. 

B2—6 to 15 inches, variegated, dark grayish-brown and 
grayish-brown (10YR 4/2 and 5/2) loam, very 
dark grayish brown and very dark brown (10YR 
38/2 and 2/2) moist; strong and moderate, me- 
dium, prismatie structure parting to strong and 
moderate, medium, subangular blocky; hard, fri- 
able, slightly sticky and slightly plastic; thin 
clay skins on faces of prisms; common roots; 
neutral; abrupt, wavy boundary. 
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Figure 14,—Profile of Renshaw loam, a shallow, somewhat ex- 
cessively drained soil. The substratum is sand and gravel. 


IICi—15 to 24 inches, brown (10YR 5/3) sand and gravel, 
very dark grayish brown (10YR 3/2) moist; 
single grained; loose, nonsticky and nonplastic; 
underside of large pebbles coated with lime; 
slightly effervescent; mildly alkaline; gradual, 
wavy boundary. 

IIC2—24 to 36 inches, brown (10YR 5/3) sand and gravel, 
very dark grayish brown (10YR 3/2) moist; 
single grained; loose, nonsticky and nonplastic; 
underside of large pebbles coated with lime; 
slightly effervescent; mildly alkaline; gradual, 
wavy boundary. 

IIC38—36 to 42 inches, pale-brown (10YR 6/8) sand, brown 
(10YR 4/3) moist; single grained; loose, nonsticky 
and nonplastic; underside of large pebbles coated 
with lime; common pebbles as large as 5 milli- 
meters and few pebbles as large as 20 millimeters; 
strongly effervescent; mildly alkaline; gradual, 
wavy boundary. 

IIC4-—42 to 60 inches, pale-brown (10YR 6/3) sand, dark 
grayish brown (10YR 4/2) moist; single grained; 
loose, nonsticky and nonplastic; underside of large 
pebbles coated with lime; common pebbles as large 
as 5 millimeters and few pebbles as large as 20 
millimeters; slightly effervescent; mildly alkaline. 


Depth to the sand and gravel substratum ranges from 
10 to 20 inches, but in most places it is 15 to 20 inches. The 
A horizon ranges from 5 to 8 inches in thickness. It is 
dark gray or very dark gray. The B horizon ranges from 
5 to 12 inches in thickness. It is dark gray, grayish brown, 
dark grayish brown, or brown. The B horizon has mod- 
erate or strong prismatic structure that parts to moderate 
or strong subangular blocky structure. Thin clay skins and 
organic coats are on the faces of prisms in most places. 


The IIC horizons are typically stratified granitic sand and 
gravel and contain a layer of shaly sand and gravel in 
some places. Soft masses of lime have accumulated in the 
upper part of the IIC horizon in some places and lime 
coats the underside of pebbles in one or more of the IIC 
horizons in most places. Glacial till is below a depth of 
40 inches in some places. 

Renshaw soils are adjacent to Fordville, Sioux, and 
Warsing soils in many places, and all of these soils are 
underlain by sand and gravel. Renshaw soils are shallower 
to the sand and gravel TIC horizon than Fordville soils. 
They are deeper to the sand and gravel JIC horizon than 
Sioux soils. They are better drained than Warsing soils 
and lack mottling in the B horizon, which is typical of 
Warsing soils. 

Renshaw loam, 0 to 3 percent slopes (ReA).—This soil 
is nearly level and is on glacial outwash plains and 
on terraces along drainageways and rivers. It has the 
profile described as representative of the series. Con- 
tent of gravel in the substratum is about 40 percent 
by volume. _ 

Included with this soil in mapping are small areas 
of Fordville soils and Warsing soils in positions similar 
to those of Renshaw soils. 

_ Surface runoff is slow. The hazard of soil blowing 
is slight, ; 

Most areas are cultivated; some are used for pasture 
and hay. This soil is suited to grain crops, grasses, 
and legumes. Droughtiness caused by the low available 
water capacity is the main concern of management. 
Capability unit IIIs-6; windbreak suitability group 


Renshaw loam, 3 to 6 percent slopes (ReB).—-This soil 
is on glacial outwash plains, on terraces along drain- 
ageways and rivers, and in areas of glacial till. Con- 
tent of gravel in the substratum is about 40 percent 
by volume. 

Included with this soil in mapping are small areas 
of Sioux soils on summits and shoulder slopes and 
areas of Fordville soils on foot slopes and toe slopes. 
Soils in cultivated areas commonly have a lighter- 
colored surface layer on the summits and shoulder 
slopes. 

Surface runoff is medium. The hazard of soil blow- 
ing is slight. 

Most areas are cultivated; some are used for pasture 
and hay. This soil is suited to grain crops, grasses, and 
legumes. Surface runoff and droughtiness caused by 
the low available water capacity are the main concerns 
of management. Capability unit Iles—6; windbreak 
suitability group 6. 

Renshaw loam, gravelly substratum (Rn|—This soil 
is nearly level and is on glacial outwash plains, on 
terraces along drainageways and rivers, and in areas 
of glacial till. It has a profile similar to the one de- 
scribed as representative of the series, but the con- 
tent of gravel in the substratum is more than 40 per- 
cent by volume. 

Included with this soil in mapping are small areas 
of Renshaw soils that have a substratum that contains 
less than 40 percent gravel by volume. Also included 
are areas of Fordville soils and Warsing soils in po- 
sitions similar to those of Renshaw soils. 

Surface runoff is slow. The hazard of soil blowing 
is slight. 

Most areas are cultivated; some are used for pasture 
and hay. This soil is suited to grain crops, grasses, 
and legumes. Droughtiness caused by the low available 
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water capacity is the main concern of management. 
Capability unit IIIs-6; windbreak suitability group 
6 


Renshaw loam, sandy substratum (Rs}|—This soil is 
nearly level and is on glacial outwash plains, on ter- 
races along drainageways and rivers, and in areas of 
glacial till, It has a profile similar to the one described 
as representative of the series, but the content of gravel 
in the substratum is less than 40 percent by volume. 

Included with this soil in mapping are small areas 
of Renshaw soils that have a substratum that con- 
tains more than 40 percent gravel by volume. Also 
included are areas of Fordville soils and Warsing soils 
in positions similar to those of Renshaw soils. 

Surface runoff is slow. The hazard of soil blowing 
is slight. 

Most areas are cultivated; some are used for pas- 
ture and hay. This soil is suited to grain crops, grasses, 
and legumes. Droughtiness caused by the low available 
water capacity is the main concern of management. 
Capability unit IJIs-6; windbreak suitability group 
6 


Renshaw loam, till substratum (Rt)—This soil is 
nearly level and is on glacial outwash plains, on ter- 
races along drainageways and rivers, and in areas of 
glacial till. It has a profile similar to the one described 
as representative of the series, but glacial till is below 
a depth of about 40 inches. The content of gravel in 
the substratum above the glacial till is about 40 per- 
cent by volume. 

Included with this soil in mapping are small areas 
of Fordville, Heimdal, and Warsing soils in positions 
similar to those of Renshaw soils. Also included are 
areas of Divide soils in slightly lower positions. 

Surface runoff is slow. The hazard of soil blowing 
is slight. 

Most areas are cultivated; some are used for pasture 
and hay. This soil is suited to grain crops, grasses, 
and legumes. Droughtiness caused by the low available 
water capacity is the main concern of management. 
Capability unit IIIs-6; windbreak suitability group 


. 


Ryan Series 


The Ryan series consists of deep, nearly level, poorly 
drained claypan soils that formed in moderately fine 
textured and fine textured alluvial sediment. These 
soils are on flood plains of the Sheyenne and James 
Rivers. 

In a representative profile the surface layer is gray 
silty clay loam about 3 inches thick. The subsoil is firm 
silty clay loam about 20 inches thick. It is dark gray 
in the upper 4 inches and gray below that. It has segre- 
gations of salt in the lower 16 inches. The substratum 
is light-gray silty clay loam that contains gypsum 
crystals. 

Permeability is very slow, and the available water 
capacity is low. The organic-matter content is high, 
and fertility is low. The dense subsoil and the salts in 
the lower, part of the subsoil limit root and water pene- 
tration. The water table is within 5 feet of the surface 
most of the year and at or near the surface in spring 
and early in summer. A perched water table forms 


above the dense subsoil during periods of heavy rain- 
fall. Tillage is often delayed in spring because of wet- 
ness. 

These soils are suited to salt-tolerant grain crops, 
except where they are complexly associated with saline 
Lamoure soils, and there they are suited to salt-tolerant 
grasses. 

Representative profile of Ryan silty clay loam, in 
an area of Ryan and Lamoure silty clay loams, in a 
pasture, 1,600 feet north and 185 feet east of the south- 
west corner of sec. 8, T. 150 N., R. 67 W., Eddy County: 


Al and A2—0 to 3 inches, gray (10YR 5/1) silty clay loam, 
very dark gray (10YR 3/1) moist; weak, fine, 
platy structure and weak, very fine, crumb; 
slightly hard, very friable, sticky and plastic; 
many roots; moderately alkaline; abrupt, wavy 
boundary. 

B21t—3 to 7 inches, dark-gray (10YR 4/1) silty clay 
loam, very dark gray (10YR 3/1) moist; strong, 
medium, columnar structure parting to strong, fine, 
angular blocky; very hard, firm, very sticky and 
very plastic; common roots; strongly alkaline; 
elear, wavy boundary. 

B22tes—7 to 23 inches, gray (N 5/0) silty clay loam, 

black (10YR 2/1) moist; moderate, medium, pris- 

matic structure parting to moderate, fine, subangu- 
lar blocky; very hard, firm, very sticky and very 
plastic; common, medium, prominent, light-gray 

(10YR 7/1, moist) and light brownish-gray 

(10YR 6/2, moist) segregations of salt and lime; 

slightly effervescent; few roots; strongly alkaline; 

gradual, wavy boundary. 

to 60 inches, light-gray (10YR 6/1) silty clay 

loam, dark grayish brown (2.5Y 4/2) moist; mas- 

sive; very hard, firm, very sticky and very plastic; 
common gypsum crystals; strongly effervescent; 
strongly alkaline. 


Ces—-23 


The Al horizon is very dark gray, dark-gray, or gray 
silty clay or silty clay loam as much as 4 inches thick. 
The A2 horizon is absent in some places; it appears as a 
thin gray coating on top of the B2 horizon in other places, 
or it is as much as 2 inches of gray platy silt loam in 
other places. In some places the Al and A2 horizons 
have eroded and the B2 horizon is exposed. The B2 horizon 
is very dark gray, dark-gray, or gray silty clay loam, 
silty clay, or clay. It has strong or moderate columnar or 
prismatic structure that parts to strong or moderate angu- 
lar or subangular blocky structure. The C horizon is light- 
gray, light olive-gray, or gray silty clay loam, silty clay, 
or clay. The upper part typically has an accumulation of 
lime, gypsum, and soluble salts. An accumulation of lime, 
gypsum, and ther soluble salts is in the lower part of most 
profiles. Buried A horizons of black or very dark gray are 
in the C horizon below a depth of 40 inches in some 
places. 

Ryan soils are adjacent to Lamoure soils and Ludden 
soils in many places. They have an alkaline B2t horizon, 
which Lamoure and Ludden soils do not have. 


Ryan silty clay loam (Ry}.—This soil is nearly level 
and is on flood plains of the Sheyenne and James 
Rivers. 

Included with this soil in mapping are small areas 
of Lamoure soils and Ludden soils in slightly higher 
positions and areas of Rauville soils in lower positions. 
In some cultivated areas the surface layer is hard and 
cloddy when dry and sticky when wet, because some 
of the subsoil has been mixed with the surface and 
subsurface layers. 

Surface runoff is slow. This soil is subject to flood- 
ing in spring and during periods of heavy rainfall. The 
hazard of soil blowing is slight. 

Most areas are used for pasture and hay; some are 
cultivated. This soil is better suited to salt-tolerant 
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grasses than to most other uses. Salt-tolerant grain 
crops are not so well suited. Growth of most crops is 
reduced because of the dense subsoil, very slow per- 
meability, and high content of salt. Wetness, poor plant 
growth, and maintenance of good soil tilth in culti- 
vated areas are the main concerns of management. 
Capability unit [Vs-6P; windbreak suitability group 
9 


Ryan and Lamoure silty clay loams De rie ie soils 
are nearly level and are in flood plains of the Sheyenne 
and James Rivers. The Ryan soil has the profile de- 
scribed as representative of the series. The Lamoure 
soil has a profile similar to the one described as repre- 
sentative of the series, but in most places it is saline. 
The Lamoure soils are in slightly higher positions, This 
mapping unit varies in composition from area to area. 

Included with these soils in mapping are small areas 
of Ludden soils and La Prairie soils in slightly higher 
positions and areas of Rauville soils in lower positions. 
Shallow channels that drain higher positions cross 
these soils in places. In some cultivated areas the sur- 
face layer of the Ryan soil is hard and cloddy when dry 
and sticky when wet, because some of the subsoil has 
been mixed with the surface and subsurface layers. 

Surface runoff is slow. These soils are subject to 
flooding in spring and during periods of heavy rainfall. 
The hazard of soil blowing is slight on the Ryan soil, 
and it is severe on the Lamoure soil if grass vegetation 
is destroyed by cultivation or overgrazing. 

Most areas are used for pasture and hay; a few 
areas are cultivated. These soils are better suited to 
salt-tolerant grasses than to most other uses. Growth 
of most crops is reduced because of the dense subsoil 
and very slow permeability of the Ryan soils and the 
high content of salt. Wetness and poor plant growth 
are the main concerns of management. Capability unit 
ViIw-4; Ryan soil is in windbreak suitability group 
9, Lamoure soil is in windbreak suitability group 2. 


Serden Series 


The Serden series consists of deep, nearly level to 
gently rolling, excessively drained soils that formed in 
coarse-textured glaciofluvial deposits. These soils are on 
glacial outwash plains and sand-mantled glacial mo- 
raines. 

In a representative profile the surface layer is dark- 
gray loamy fine sand about 2 inches thick. The sub- 
stratum is grayish-brown, loose fine sand in the upper 
22 inches; grayish-brown sand in the next 26 inches; 
and dark-gray loamy fine sand in the lower 10 inches. 

Permeability is rapid, and the available water ca- 
pacity is very low. The organic-matter content is low, 
and fertility is low. 

These soils are better suited to grasses than to most 
other uses, 

Representative profile of Serden loamy fine sand, in 
an area of Maddock-Serden loamy fine sands, 9 to 30 
percent slopes, in a pasture, 900 feet south and 150 feet 
west of the northeast corner of the SEY, sec. 11, T. 
149 N., R. 59 W., Nelson County: 

A1—0 to 2 inches, dark-gray (10YR 4/1) loamy fine sand, 
black (10YR 2/1) moist; single grained; loose, 
slightly sticky and nonplastic; many roots; neutral; 
clear, wavy boundary. 


C1—2 to 24 inches, grayish-brown (10YR 5/2) fine sand, 
very dark grayish brown (10YR 8/2) moist; 
single grained; loose, nonsticky and nonplastie; 
common roots; few fragments of shale as large as 
4 millimeters; neutral; gradual; wavy boundary. 
to 50 inches, grayish-brown (10YR 5/2) sand, 
very dark grayish brown (10YR 3/2) moist; 
single grained; loose, nonsticky and nonplastic; 
few roots; few fragments of shale and rounded 
pebbles as large as 5 millimeters; mildly alkaline; 
clear, wavy boundary. 

I[Ab—50 to 60 inches, dark-gray (10YR 4/1) loamy fine 
sand, black (1OYR 2/1) moist; massive; soft, very 
friable, slightly sticky and nonplastic; neutral. 

The A horizon ranges from 1 to 4 inches in thickness. 
It is dark-gray or very dark gray loamy fine sand, loamy 
sand, sand, or fine sand. An AC horizon as much as 6 
inches thick is present in places. The C horizon is grayish- 
brown, light brownish-gray, or light-gray loamy fine sand, 
fine sand, or sand. In some places dark-gray loamy fine 
sand buried A horizons are in the C horizon. Most profiles 
are noncalcareous, but lime is present in the lower part of 
the C horizon in places. 

Serden soils are similar to Claire, Hamar, and Maddock 
soils, because they have a high content of sand. Serden 
soils formed in finer sands than Claire soils. They lack 
mottles in the upper part of the C horizon, which is a 
characteristic of Hamar soils. They have a thinner A 
horizon than Maddock soils. 

Serden-Hamar sands (Se) —These soils are nearly level 
and are on glacial outwash plains that have been re- 
worked by soil blowing. Low hummocks and blown-out 
areas are numerous. Some of the blow-outs are actively 
eroding. Part or all of the original surface layer has 
been removed, The Serden and Hamar soils have pro- 
files similar to those described as representative of 
their respective series, but the surface layer is loamy 
fine sand, loamy sand, fine sand, sand, or coarse sand. 
Serden soils are on summits, shoulder slopes, and upper 
back slopes, and they make up about 35 percent of 
this mapping unit. Hamar soils are on toe slopes, and 
they make up about 30 percent. 

Included with these soils in mapping are small areas 
that are gently undulating to gently rolling. Also in- 
cluded are small areas of Claire soils on summits and 
shoulder slopes, areas of Maddock soils on back slopes, 
areas of Hecla soils and Lohnes soils on foot slopes, 
areas of Wyndmere soils in shallow swales, and areas of 
Arveson, Fossum, and Venlo soils in poorly drained 
swales and depressions. 

Surface runoff is slow, and water ponds in swales 
and depressions. The hazard of soil blowing is very 
severe, 

Practically all areas are used for pasture or are left 
idle, but a few areas are used for hay. These soils 
are better suited to grasses than to most other uses. 
Soil blowing and droughtiness caused by the low avail- 
able water capacity are the main concerns of manage- 
ment. Capability unit VIes—2; Serden soil is in 
windbreak suitability group 7, Hamar soil is in wind- 
break suitability group 2. 


Sioux Series 


The Sioux series consists of very shallow, nearly 
level to steep, excessively drained soils that formed in 
medium-textured glaciofluvial deposits. These soils 
are on glacial outwash plains, on terraces along drain- 
ageways and rivers, and in areas of glacial till. 

In a representative profile the surface layer is very 
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dark gray gravelly loam about 7 inches thick. The sub- 
stratum is 53 inches thick. The upper 8 inches is 
variegated, brown and grayish-brown sand and gravel. 
The next 9 inches is variegated, pale-brown and light 
brownish-gray sand. The lower 30 ihches is variegated, 
pale-brown and light brownish-gray sand and gravel. 

Permeability is very rapid, and the available water 
capacity is very low. The organic-matter content is 
low, and fertility is low. 

These soils are suited to grasses. 

Representative profile of Sioux. gravelly loam, 6 to 
25 percent slopes, in a pasture, 800 feet north and 400 
feet east of the southwest corner of sec. 26, T. 150 N., 
R. 66 W., Eddy County: 


Al—0 to 7 inches, very dark gray (10YR 8/1) gravelly 
loam, black (10YR 2/1) moist; weak, fine, granu- 
lar structure and single grained; soft, very friable, 
slightly sticky and slightly plastic; many roots; 
neutral; clear, wavy boundary. 

IIC1—7 to 15 inches, variegated brown and grayish-brown 
(10YR 5/3 and 5/2) sand and gravel, brown and 
dark grayish brown (10YR 4/38 and 4/2) moist; 
single grained; loose, nonsticky and nonplastic; 
very few roots; underside of pebbles coated with 
lime; strongly effervescent; mildly alkaline; clear, 
wavy boundary, 

TIC2—15 to 24 inches, variegated pale-brown and_ light 
brownish-gray (10YR 6/3 and 6/2) sand, brown 
and dark grayish brown (10YR 4/3 and 4/2) 
moist; single grained; loose, nonsticky and non- 
plastic; few pebbles as large as 15 millimeters; 
underside of pebbles coated with lime; strongly 
effervescent; mildly alkaline; clear, wavy bound- 


ary. 

TIC3—24 to 60 inches, variegated pale-brown and _ light 
brownish-gray (10YR 6/3 and 6/2) sand and 
gravel, brown and dark grayish brown (10YR 4/3 
and 4/2) moist; single grained; loose, nonsticky and 
nonplastic; underside of pebbles coated with lime; 
strongly effervescent; mildly alkaline; clear, wavy 
boundary. 


Depth to the sand and gravel substratum ranges from 7 
to 10 inches. The A horizon ranges from 7 to 10 inches 
in thickness. It is very dark gray or dark-gray sandy loam, 
gravelly loam, or loam. The IIC horizons are typically 
stratified granitic sand and gravel and contain a layer 
of shaly sand and gravel in some places. In most places 
lime coats the underside of pebbles in one or more of 
the IIC horizons. 

Sioux soils are adjacent to Arvilla soils and Renshaw 
soils in many places. All of these soils are underlain by 
sand and gravel. Sioux soils lack the B2 horizon, which 
is a characteristic of Arvilla soils and Renshaw soils. 

Sioux gravelly loam, 0 to 6 percent slopes (SoB)/.— 
This soil is on low ridges and slopes adjacent to de- 
pressions and drainageways, on glacial outwash plains, 
and on terraces along the Sheyenne and James Rivers. 

Included with this soil in mapping are small areas 
of Arvilla soils and Renshaw soils on back slopes. Also 
included are areas of Fordville soils and Clontarf soils 
on foot slopes and toe slopes. In a few areas the soils 
have a surface layer of sandy loam or loam. Soils in 
cultivated areas commonly have a lighter colored sur- 
face layer. 

Surface runoff is slow and medium. The hazard of 
soil blowing is very severe. 

Some areas of this soil are used for pasture and hay, 
and others are cultivated along with adjoining soils. 
This soil is better suited to grasses than to most other 
uses. Surface runoff, soil blowing, and droughtiness 
caused by the very low available water capacity are 


the main concerns of management. Capability unit 
VIIs~3; windbreak suitability group 10. 

Sioux gravelly loam, 6 to 25 percent slopes (SoE).— 
This soil is on slopes adjacent to depressions and drain- 
ageways on glacial outwash plains, on terraces along 
the Sheyenne and James Rivers, and on moraines in 
areas of glacial till. It has the profile described as 
representative of the series. 

Included with this soil in mapping are small areas 
of Arvilla soils and Renshaw soils on back slopes, areas 
of Fordville soils and Clontarf soils on foot slopes and 
toe slopes, and, where mapped in morainic areas, small 
areas of Buse soils on summits and shoulder slopes, 
areas of Barnes soils and Heimdal soils on back slopes, 
and areas of Emrick soils and Svea soils on foot slopes 
and toe slopes. Also included are small areas that have 
a surface layer of sandy loam or loam. 

Surface runoff is rapid and very rapid. The hazard 
of soil blowing is moderate. 

Most areas are used for pasture; some are used for 
hay or are cultivated along with the adjoining soils. 
This soil is better suited to grasses than to most other 
uses. Surface runoff, soil blowing, droughtiness caused 
by the very low available water capacity, and over- 
grazing of pasture are the main concerns of manage- 
ment. Capability unit VIIs-3; windbreak suitability 
group 10. 


Spottswood Series 


The Spottswood series consists of moderately deep, 
nearly level, moderately well drained soils that formed 
in medium-textured glaciofluvial deposits overlying 
coarse-textured glaciofluvial deposits. These soils are on 
glacial outwash plains and terraces along drainageways 
and rivers, 

In a representative profile the surface layer is loam 
about 14 inches thick that is very dark gray in the upper 
8 inches and dark gray in the lower 6 inches. The sub- 
soil is dark grayish-brown, friable loam in the upper 
6 inches and brown, friable sandy clay loam in the 
lower 5 inches. The substratum is brown sand in the 
upper 11 inches and brown sand and gravel in the 
lower 24 inches. 

Permeability is moderate in the surface layer and 
subsoil and very rapid in the substratum. The available 
water capacity is moderate. The organic-matter con- 
tent is high, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Spottswood loam, in a cul- 
tivated field, 400 feet south and 600 feet east of the 
northwest corner of sec. 11, T. 150 N., R. 61 W., Nel- 
son County: 

Ap—0 to 8 inches, very dark gray (10YR 8/1) loam, black 
(lOYR 2/1) moist; weak, coarse, subangular 
blocky structure parting to moderate, fine, sub- 
angular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; many roots; neutral; 
abrupt, smooth boundary. 

A12—8 to 14 inches, dark-gray (10YR 4/1) loam, black 
(10YR 2/1) moist; weak, medium, prismatic 
structure parting to moderate, medium and _ fine, 
subangular blocky; slightly hard, friable, 
slightly sticky and slightly plastic; common roots; 


neutral; gradual, wavy boundary. 
B21—14 to 20 inches, dark grayish-brown (1LOYR 4/2) loam, 


86 SOIL SURVEY 


very dark brown (10YR 2/2) moist; weak to mod- 
erate, medium, prismatic structure parting to mod- 
erate, medium, subangular blocky; slightly hard, 
friable, slightly sticky, and slightly plastic; com- 
mon roots; neutral; gradual, wavy boundary. 

R22—20 to 25 inches, brown (1OYR 5/8) sandy clay loam, 
dark brown (10YR 8/8) moist; moderate, medium, 
prismatic structure parting to moderate, medium, 
subangular blocky; slightly hard, friable, sticky 
and plastic; common roots; neutral; clear, wavy 
boundary. 

IICi—25 to 36 inches, brown (10YR 5/3) sand, dark brown 
(10YR 3/8) moist; single grained; loose, non- 
sticky and nonplastic; few fragments of shale and 
pebbles as large as 10 millimeters; neutral; grad- 
ual, wavy boundary. 

IIC2—36 to 60 inches, brown (10YR 5/3) sand and gravel, 
dark brown (10YR 5/3) moist; single grained; 
loose, nonsticky and nonplastic; common frag- 
ments of shale and pebbles as large as 5 milli- 
meters and a few pebbles as large as 20 milli- 
meters; slightly effervescent; mildly alkaline. 


Depth to the sand and gravel substratum ranges from 
20 to 86 inches. The A horizon ranges from 12 to 18 
inches in thickness. It is dark gray or very dark gray. The 
B horizon ranges from 11 to 20 inches in thickness. It is 
dark-brown, dark grayish-brown, grayish-brown, or brown 
loam or sandy clay loam. It has weak to strong prismatic 
structure that parts to moderate or strong subangular 
blocky structure. Thin clay films and organic stains occur 
on faces of prisms in some places. The C horizon ranges 
from 0 to 12 inches in thickness, It is loam or sandy loam. 
The C horizon has an accumulation of lime in some places, 

The IIC horizons are typically stratified granitic sand 
and gravel and contain a layer of shaly sand and gravel in 
some places. An accumulation of lime is in the upper 
part of the JIC horizon in some places. Lime coats the 
underside of pebbles in one or more of the IIC horizons in 
most places, . 

Spottswood soils are adjacent to Fordville, Gardena, and 
Renshaw soils in many places. They have a thicker A 
horizon than Fordville soils and Renshaw soils. They have 
thinner deposits overlying sand and gravel than Gardena 
soils. 

Spottswood loam (Sp)—This soil is nearly level and 
is on glacial outwash plains and on terraces along 
drainageways and rivers. It has the profile described 
as representative of the series. Content of gravel in the 
substratum is about 40 percent. _ 

Included with this soil in mapping are small areas 
of Fordville, Gardena, Renshaw, and Warsing soils in 
positions similar to those of Spottswood soils. : 

Surface runoff is slow. The hazard of soil blowing 
is slight. ; 

Most areas are cultivated; some are used for pasture 
and hay. This soil is suited to grain crops, grasses, 
and legumes. Soil blowing is the main concern of man- 
agement. Capability unit IIIs-6; windbreak suitabil- 
ity group 3. _ 

Spottswood loam, sandy substratum (Sr)|—This soil is 
nearly level and is on glacial outwash plains and ter- 
races along drainageways and rivers. It has a profile 
similar to the one described as representative of the 
series, but the content of gravel in the substratum is 
less than 40 percent. 

Included with this soil in mapping are small areas 
of Fordville, Gardena, Renshaw, and Warsing soils. 
Also included are areas of Spottswood soils where the 
content of gravel is more than 40 percent. 

_ Surface runoff is slow. The hazard of soil blowing 
is slight. . 

Most areas of this soil are cultivated; some are used 

for pasture and hay. This soil is suited to grain crops, 


grasses, and legumes, Soil blowing is the main concern 
of management. Capability unit IIIs-6; windbreak 
suitability group 3. 


Stirum Series 


The Stirum series consists of deep, nearly level, 
poorly drained, claypan soils that formed in moderately 
coarse textured glaciofluvial deposits. These soils are 
on glacial outwash plains. 

In a representative profile the surface layer is dark- 
gray sandy loam about 8 inches thick. The subsoil, 
about 14 inches thick, is mottled, gray, friable sandy 
loam that has an accumulation of lime. The substratum 
is 38 itches thick. The upper 18 inches is mottled, 
light-gray sandy loam. The 6 inches below that is mot- 
tled, gray sandy clay loam. The next 5 inches is mottled, 
ee loamy sand and 9 inches of yellowish-brown 
sand. 

Permeability is moderately slow in the surface layer 
and subsoil and moderately rapid in the substratum. 
The available water capacity is low. The organic- 
matter content is moderate, and fertility is low. The 
dense subsoil and the salts in the lower part of the 
subsoil limit root and water penetration. The water 
table is within 5 feet of the surface during most of 
the year, and it is at or near the surface in spring and 
early in summer, A perched water table forms above 
the dense subsoil during periods of heavy rainfall. Till- 
age is often delayed in spring because of wetness. 

These soils are suited to salt-tolerant grain crops and 
grasses, but they are poorly suited to legumes. 

Representative profile of Stirum sandy loam, in a 
hayfield, 60 feet south and 1,100 feet east of the north- 
west corner of the NEt,, sec. 23, T. 150 N., R. 62 W., 
Eddy County: 


Al1—0O to 4 inches, dark gray (1LOYR 4/1) sandy loam, 
black (LOYR 2/1) moist; weak, medium and fine, 
subangular blocky structure and moderate, fine, 
granular; slightly hard, very friable, slightly 
sticky and slightly plastic; many roots; strongly 
effervescent; moderately alkaline; clear, smooth 
boundary. 

Al2—4 to 8 inches, dark-gray (10YR 4/1) sandy loam, 
very dark gray (10YR 8/1) moist; weak, medium, 
platy structure; slightly hard, very friable, 
slightly sticky and slightly plastic; common roots; 
few medium segregations of lime; strongly effer- 
vescent; moderately alkaline; clear, smooth bound- 


ary. 

B21t—8 to 16 inches, gray (5Y 5/1) sandy loam, dark 
gray (5Y 4/1) moist; few, fine, prominent, 
yellowish-red (5YR 4/6) mottles; weak, very 
coarse, prismatic structure parting to moderate, 
medinm, subangular blocky; hard, friable, slightly 
sticky and slightly plastic; few roots; few fine seg- 
regations of lime; thin organic coats and clear sand 
grains on faces of prisms; strongly to violently 
effervescent; moderately alkaline; gradual, smooth 
boundary. 

B22ca—16 to 22 inches, gray (5Y 5/1) sandy loam, dark 
gray (5Y 4/1) moist; common, medium, prom- 
inent, yellowish-brown (10YR 5/8) mottles, weak, 
coarse, prismatic structure parting to moderate, 
coarse, subangular blocky; hard, friable, slightly 
sticky and slightly plastic; common medium seg- 
regations of lime and few to common gypsum 
crystals; strongly to violently effervescent; mod- 
erately alkaline; gradual, smooth boundary. 

Cig—-22 to 40 inches, light-gray (5Y 6/1) sandy loam, 
gray (5Y 5/1) moist; common, medium, prominent, 
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yellowish-brown (10YR 5/6) mottles; weak, coarse, 
prismatic structure parting to moderate, coarse, 
subangular bloeky; hard, friable, slightly sticky 
and slightly plastic; common medium segregations 
of lime and few to common gypsum crystals; 
strongly to violently effervescent; moderately alka- 
line; gradual, smooth boundary. 

C2g—40 to 46 inches, gray (5Y 6/1) sandy clay loam, 
dark gray (5Y 4/1) moist; common, medium, 
prominent, yellowish-brown (1OYR 5/6) mottles; 
massive; hard, friable, sticky and plastic; few 
medium segregations of lime and few to common 
gypsum crystals; violently effervescent; mildly 
alkaline; gradual, smooth boundary. 

C8g—46 to 51 inches, light gray (5Y 7/1) sandy loam, 
gray (5¥ 5/1) moist; common, medium, distinct, 
brownish-yellow (10YR 6/6) mottles; massive; 
hard, friable, slightly sticky and slightly plastic; 
violently effervescent; mildly alkaline; gradual, 
smooth boundary. 

C4g—51i to 57 inches, light-gray (5Y 7/1) loamy sand, 
gray (5Y 6/1) moist; many, medium distinct, 
brownish-yellow (10YR 6/6) mottles; massive; 
slightly hard, very friable, slightly sticky and 
nonplastic; slightly to strongly effervescent; mildly 
alkaline; gradual, smooth boundary. 

C5g—57 to 60 inches, yellowish-brown (10YR 5/6) sand, 
dark yellowish brown (10YR 4/4) moist; single 
grained; loose, nonsticky and nonplastic; slightly 
effervescent; mildly alkaline. 


The Ai horizon is 5 to 10 inches thick. It is dark-gray or 
very dark gray sandy loam or fine sandy loam. The B2 
horizon is mottled, gray, light-gray, or grayish-brown sandy 
loam, fine sandy loam, or loam. It has weak to moderate, very 
coarse and coarse prismatic structure that has some prisms 
as large as 18 inches in diameter. Typically, lime has 
accumulated in the B2 horizon. Crystals of gypsum and 
other soluble salts are in the lower part of the B2 horizon 
and in the upper part of the C horizon in most places. The C 
horizon is mottled, gray, light-gray, light olive-gray, yellow- 
ish-brown, or grayish-brown sandy loam, sandy clay loam, 
loamy sand, or sand. 

Stirum soils are adjacent to Arveson, Lemert, Letcher, 
and Totten soils in many places. All of these soils are 
underlain by coarse-textured material. Stirum soils have 
an alkaline B2 horizon, which Arveson soils do not have. 
They lack the distinct strong columnar-prismatic structure 
in the B2 horizon, which is a characteristic of Lemert 
soils and Letcher soils. They formed in coarser textured 
deposits than Totten soils. 


Stirum sandy loam (Ss}—This soil is nearly level and 
is on glacial outwash plains. 

Included with this soil in mapping are small areas 
of Letcher soils and Wyndmere soils in positions simi- 
lar to Stirum soils. Also included are areas of Hecla 
soils and Lohnes soils in slightly higher positions and 
areas of Arveson soils and Lemert soils in slightly 
lower positions. In some cultivated areas the surface 
layer is hard and cloddy when dry and sticky when wet, 
because some of the subsoil has been mixed with the 
surface layer. 

Surface runoff is slow, and water ponds in low po- 
sitions. The hazard of soil blowing is very severe. 

Some areas of this soil are cultivated, but others 
are in hay and pasture, The soil is suited to salt- 
tolerant grain crops and grasses; it is poorly suited to 
legumes. Growth of most crops is reduced because of 
the shallow root zone and slow permeability. Wetness, 
soil blowing, maintenance of good soil tilth in culti- 
vated areas, and droughtiness caused by the low avail- 
able water capacity are the main concerns of manage- 
ment. Capability unit IVws-3; windbreak suitability 
group 9. 


Svea Series 


The Svea series consists of deep, nearly level to 
gently rolling, moderately well drained soils that 
formed in medium-textured and moderately fine tex- 
tured glacial till. These soils are on glacial till plains. 

In a representative profile the surface layer is very 
dark gray loam in the upper 6 inches and dark-gray 
silt loam in the lower 5 inches. The subsoil is dark 
grayish-brown, friable silt loam in the upper 8 inches 
and grayish-brown, friable loam in the lower 4 inches. 
The substratum is 87 inches thick. The upper 7 inches 
is pale-yellow loam that has an accumulation of lime. 
The next 6 inches is pale-yellow loam. The lower 24 
inches is variegated, hght-gray and pale-yellow loam. 

Permeability is moderate in the surface layer and 
subsoil and moderately slow in the substratum. The 
available water capacity is high. The organic-matter 
content is high, and fertility is high. 

These soils are suited to grain crops, grasses, and 
legumes, 

Representative profile of Svea loam, in a cultivated 
field, 75 feet south and 800 feet east of the northwest 
corner of the NE! sec. 10, T. 149 N., R. 59 W., Nelson 
County: 


Ap—0 to 6 inches, very dark gray (10YR 3/1) loam, 
black (10YR 2/1) moist; weak, medium, subangu- 
lar blocky structure parting to moderate, medium, 
granular; slightly hard, friable, slightly sticky 
and slightly plastic; many roots; slightly acid; 
abrupt, smooth boundary. 

Al2—6 to 11 inches, dark-gray (10YR 4/1) silt loam, 
black (10YR 2/1) moist; weak, coarse and medium, 
prismatic structure parting to moderate, coarse 
and medium, subangular blocky; slightly hard, 
friable, slightly sticky and slightly plastic; many 
roots; neutral; clear, wavy boundary. 

B2—11 to 19 inches, dark grayish-brown (10YR 4/2) 
silt loam, variegated, very dark grayish brown 
and very dark brown (10YR 3/2 and 2/2) moist; 
moderate; coarse, prismatic structure parting to 
moderate, medium and fine, subangular blocky; 
slightly hard, friable, sticky and plastic; common 
roots; neutral: clear, smooth boundary. 

B8—19 to 28 inches, grayish-brown (2.5Y 5/2) loam, 
very dark grayish brown (2.5Y 3/2) moist; mod- 
erate, coarse, prismatic structure parting to mod- 
erate, medium and _ fine, subangular blocky; 
slightly hard, friable, sticky and plastic; few 
roots; common pebbles as large as 5 millimeters; 
slightly effervescent; mildly alkaline; clear, wavy 
boundary. 

Clea—23 to 80 inches, pale-yellow (2.5Y 7/3) loam, light 
olive brown (2.5Y 5/4) moist; weak, coarse, pris- 
matic structure parting to weak, medium and 
fine, subangular blocky; slightly hard, friable, 
sticky and plastic; common pebbles as large as 
5 millimeters and a few as large as 20 millimeters; 
violently effervescent; mildly alkaline; gradual, 
wavy, boundary. 

C2—30 to 86 inches, pale-yellow (2.5Y 7/3) loam, light 
olive brown (2.5Y 5/4) moist; weak, medium, 
subangular blocky structure; slightly hard, friable, 
sticky and plastie; common pebbles as large as 
5 millimeters and a few as large as 20 millimeters; 
strongly effervescent; moderately alkaline; grad- 
ual, wavy boundary. 

C8—36 to 60 inches, variegated, light-gray and _ pale- 
yellow (2.5Y 7/2 and 7/8) loam, light olive 
brown (2.5Y 5/4) moist; few, fine, prominent, 
yellowish-red (5YR 4/6, moist) mottles; massive; 
slightly hard, friable, sticky and plastic; com- 
mon, medium, distinct, white segregations of lime; 
common pebbles as large as 5 millimeters; strongly 
effervescent; moderately alkaline. 


88 SOIL SURVEY 


The A horizon is 8 to 20 inches thick. It is very dark gray 
or dark-gray loam or silt loam. The B horizon is 8 to 16 
inches thick. It is dark grayish-brown, grayish-brown, or 
dark-gray loam, silt loam, or light clay loam, It has 
moderate or weak prismatic structure that parts to mod- 
erate subangular blocky structure. Thin clay films or or- 
ganic coats are on the faces of prisms in some places. 
Lime has accumulated in the lower part of the B horizon 
and in the upper part of the C horizon in most places. 
The C horizon is mottled, pale-yellow, light-gray, light 
brownish-gray, light) yellowish-brown, or light olive-brown 
loam or clay loam. Segregations of gypsum and_ other 
salts are common throughout the C horizon in some places. 

Svea, Barnes, Cresbard, and Hamerly soils formed in 
similar parent material and are adjacent to each other in 
many places. Svea soils have a thicker A horizon than 
Barnes soils. They lack the alkaline B2t horizon, which is 
a characteristic of Cresbard soils. They have a B horizon, 
which Hametrly soils lack. 


Svea loam (St)—This soil is nearly level and is on 
glacial till plains. It has the profile described as rep- 
resentative of the series. 

Included with this soil in mapping are small areas 
of Barnes soils in slightly higher positions, Wyard 
soils in shallow swales and depressions, Tonka soils in 
deeper depressions that are indicated on the detailed 
map by a diamond symbol, and Hamerly soils around 
the edges of some of the depressions. Also included in 
some places west of McVille are small areas of the 
Svea variant and of the Edgeley variant in positions 
similar to those of Svea soils. 

Surface runoff is slow, and water ponds in swales 
and depressions. The hazard of soil blowing is slight. 

Most areas are cultivated. This soil is suited to grain 
crops, grasses, and legumes. Wetness in swales and soil 
blowing are the main concerns of management. Ca- 
pability unit IIc-6; windbreak suitability group 1. 

Svea-Barnes loams, 0 to 3 percent slopes (SvA}.— 
These soils are on glacial till plains. Svea soils are in 
concave positions, and they make up about 50 to 60 
percent of this mapping unit. Barnes soils are in convex 
positions, and they make up about 25 to 35 percent. 

Included with these soils in mapping are small areas 
of Wyard soils in shallow swales and depressions, Tonka 
soils in deeper depressions that are identified on the 
detailed map by a diamond symbol, and Hamerly soils 
around the edges of some of the depressions. Also 
included are a few areas of Emrick soils in concave 
positions and areas of Heimdal soils in convex posi- 
tions. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is slight. 

Most areas are cultivated. These soils are suited to 
grain crops, grasses, and legumes. Wetness in swales 
and depressions and soil blowing are the main concerns 
of management. Capability unit IIc-6; Svea soil is in 
windbreak suitability group 1, Barnes soil is in wind- 
break suitability group 3. 

Svea-Barnes loams, 3 to 6 percent slopes (SvB).— 
These soils are on glacial till plains. Svea soils are on 
the lower back slopes, foot slopes, and toe slopes, and 
they make up about 45 to 55 percent of the mapping 
unit. Barnes soils are on summits, shoulder slopes, and 
upper back slopes, and they make up about 25 to 35 
percent, 

Included with these soils in mapping are small areas 
of Buse soils on summits and shoulder slopes, Wyard 
soils in shallow swales and depressions, Parnell soils 


and Tonka soils in deeper depressions that are identi- 
fied on the detailed soil map by a diamond symbol, 
and Hamerly soils and Vallers soils around the edges 
of some of the depressions. Also included are a few 
small areas of Emrick soils on foot slopes and toe 
slopes and areas of Heimdal soils on back slopes. Soils 
in many cultivated areas have a lighter colored surface 
layer on the summits and shoulder slopes. 

Surface runoff is medium, and water ponds in de- 
pressions. The hazard of soil blowing is slight. 

Most areas are cultivated. These soils are suited to 
grain crops, grasses, and legumes. Surface runoff, wet- 
ness in swales and depressions, and soil blowing are the 
main concerns of management. Capability unit Ile-6; 
Svea soil is in windbreak suitability group 1, Barnes 
soil is in windbreak suitability group 3. 

Svea-Buse-Barnes loams, 6 to 9 percent slopes (SwC). 
—These soils are on glacial till plains. Svea soils are 
on the lower back slopes, foot slopes, and toe slopes, 
and they make up about 45 percent of the mapping 
unit. Buse soils are on summits and shoulder slopes, 
and Barnes soils are on back slopes; each makes up 
about 20 percent of the mapping unit. 

Included with these soils in mapping are small areas 
of Parnell soils and Tonka soils in depressions that are 
identified on the detailed soil map by a diamond sym- 
bol and areas of Hamerly soils and Vallers soils around 
the edges of some of the depressions. Also included are 
a few small areas of Emrick soils on foot slopes and 
toe slopes, Esmond soils on summits and shoulder 
slopes, and Heimdal soils on back slopes. Soils in some 
cultivated areas have a lighter colored surface layer on 
the summits and shoulder slopes. Shallow gullies have 
formed in some drainageways. 

Surface runoff is rapid, and water ponds in depres- 
sions. The hazard of soil blowing is slight on the Svea 
soils and Barnes soils. It is severe on the Buse soils. 

Some areas are cultivated. The more steeply sloping 
areas are generally used for pasture. These soils are 
suited to grasses, close-growing grain crops, and le- 
gumes if protective measures are used. Surface runoff, 
wetness in depressions, and soil blowing are the main 
concerns of management. Capability unit IIIe-6; 
Svea soil is in windbreak suitability group 8, Buse soil 
is in windbreak suitability group 8, Barnes soil is in 
windbreak suitability group 3. 

Svea-Creshard loams (Sx|-—These soils are nearly level 
and are on glacial till plains. Svea soils make up about 
50 percent of the mapping unit, and Cresbard soils, 
in slightly lower positions, make up about 30 percent. 

Ineluded with these soils in mapping are small areas 
of Barnes soils in slightly higher positions, Parnell 
soils and Tonka soils in depressions that are identified 
on the detailed soil map by a diamond symbol, Hamerly 
soils and Vallers soils around the edges of some of the 
depressions, and Cavour soils in lower positions. Algo 
included are small areas of the Svea variant. In some 
cultivated areas the surface layer is clay loam that is 
hard and cloddy when dry and sticky when wet, be- 
cause some of the dense subsoil of the Cresbard soil 
has been mixed with the surface and subsurface layers. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is slight, 

Most areas are cultivated; some are used for pasture 
and hay. These soils are suited to grain crops and 
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grasses. Growth of crops is reduced on Cresbard soils, 
because the subsoil is dense and permeability is slow. 
Wetness, maintenance of good tilth in cultivated areas, 
and soil blowing are the main concerns of management. 
Capability unit IlIs-6P; Svea soil is in windbreak 
suitability group 1, Cresbard soil is in windbreak suit- 
ability group 4. 


Svea Variant 


The Svea variant is a moderately deep and deep, 
nearly level, moderately well drained soil. It formed 
in medium-textured and moderately fine textured gla- 
cial till that has a cobbly, stony, or gravelly contact 
layer at a depth of 18 to 36 inches. The contact layer 
separates two different glacial tills. This soil is on the 
smooth glacial till plain adjacent to entrenched streams 
west of McVille. 

In a representative profile the surface layer is dark- 
gray loam about 18 inches thick. The subsoil is varie- 
gated grayish-brown and dark grayish-brown, friable 
loam about 7 inches thick. The substratum is 40 inches 
thick. The upper 5 inches is variegated sand and gravel. 
The next 11 inches is mottled, light brownish-gray 
sandy clay loam. Below this is 8 inches of mottled, 
light brownish-gray stratified coarse sand and clay 
loam till. The lowermost 16 inches is mottled, light- 
gray clay loam. 

Permeability is moderately slow, and the available 
water capacity is high. The organic-matter content is 
high, and fertility is high. 

The soil is suited to grain crops, grasses, and legumes. 

Representative profile of Svea loam, cobbly variant, 
in a cultivated field, 125 feet north and 225 feet east 
of the southwest corner of sec. 31, T. 150 N., R. 59 W., 
Nelson County: 


Ap—0 to 5 inches, dark-gray (10YR 4/1) loam, black 
(10YR 2/1) moist; weak, medium, subangular 
blocky structure parting to moderate, medium, 
granular; slightly hard, friable, slightly sticky 
and slightly plastic; many roots; slightly acid; 
abrupt, smooth boundary. 

A1l2—65 to 18 inches, dark-gray (10YR 4/1) loam, very 
dark gray (10YR 8/1) moist; weak, coarse, pris- 
matie structure parting to moderate, medium, sub- 
angular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; many roots; neutral; 
clear, smooth boundary. 

B2—18 to 20 inches, variegated grayish-brown and dark 
grayish-brown (10YR 5/2 and 4/2) loam, dark 
grayish brown and very dark grayish brown 
(10YR 4/2 and 3/2) moist; moderate, medium, 
prismatic structure parting to moderate, medium, 
subangular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; common roots; neutral; 
abrupt, smooth boundary. 

IIC1—20 to 25 inches, variegated sand and gravel; com- 
mon, medium, distinct, iron stains; single grained; 
loose, nonsticky and nonplastic; few roots; lime 
coatings on underside of pebbles; slightly effer- 
vescent; mildly alkaline; clear, wavy boundary. 

TIC2—25 to 386 inches, light brownish-gray (2.5Y 6/2) 
sandy clay loam, grayish brown (2.5Y 5/2) moist; 
few, medium, prominent, dark-red (2.5Y 3/6, 
moist) mottles; strong, very coarse, prismatic 
structure parting to moderate, coarse, subangular 
blocky; hard, firm, sticky and plastic; prominent 
continuous clay films on faces of prisms; common, 
medium segregations of white lime; slightly effer- 
vescent; mildly alkaline; clear, smooth boundary. 

TIC38—36 to 44 inches, light brownish-gray (2.5Y 6/2) 


stratified coarse sand and clay loam till; grayish 
brown (2.5Y 5/2) moist; few, medium, prominent, 
strong-brown (7.5YR 5/6, moist) mottles; massive; 
hard, firm, sticky and plastic; common medium 
segregations of white lime; slightly effervescent; 
mildly alkaline; clear, smooth boundary. 

T1IC4—44 to 54 inches, light-gray (5Y 6/1) clay loam, gray 
(5Y 5/1) moist; common, fine, distinct, yellowish- 
brown (LOYR 5/6, moist) mottles; massive; hard, 
firm, sticky and plastic; common medium segrega- 
tions of white lime; strongly effervescent; mildly 
alkaline; gradual, wavy boundary. 

IIIC5—54 to 60 inches, light-gray (5Y 6/1) clay loam, 
gray (5Y 5/1) moist; common, medium, promi- 
nent, strong-brown (7.5YR 5/6, moist) mottles; 
massive; hard, firm, sticky and plastic; common 
fine segregations of white lime; strongly efferves- 
cent; mildly alkaline. 


The Svea variant has a cohbly, stony, or gravelly contact 
layer between two deposits of glacial till at a depth of 18 to 
36 inches, which the Svea soils do not have. 

The A horizon ranges from 8 to 16 inches in thickness. It 
is very dark gray or dark-gray loam or silt loam. The B 
horizon ranges from 6 to 16 inches in thickness. It is 
grayish-brown, dark grayish-brown, or dark-gray loam, 
silt loam, or clay loam. It has moderate or weak prismatic 
structure that parts to moderate subangular blocky struc- 
ture. In some places thin clay films or organic coats are on 
the faces of prisms in the B horizon. In some places a light 
brownish-gray loam or clay loam C horizon is above the [IC 
horizon, and it generally has an accumulation of lirne. The 
IIC1 horizon, which separates the two glacial tills, is 
either a layer of stones or cobblestones imbedded in a loam 
matrix or 12 inches of sand and gravel. The IIIC horizon is 
light brownish-gray or light-gray glacial till of loam or 
clay loam. Bedded shale is in the lower part of some pro- 
files. 

The Svea variant is adjacent to the Edgeley variant and 
to Svea soils in many places. It has a profile similar to that 
of Svea soils. It lacks the weathered and bedded shale 
directly below the gravelly contact layer, which is a charac- 
teristic of the Edgeley variant. It has a gravelly contact 
eed at a depth of 18 to 36 inches, which Svea soils do not 

ave. 


Svea loam, cobbly variant (Su).—This soil is nearly 
level and is on the smooth glacial till plain adjacent 
to entrenched streams west of McVille. 

Included with this soil in mapping are areas of 
Spottswood soils and Svea soils in similar positions, 
small areas of Barnes soils and Renshaw soils in 
slightly higher positions, Wyard soils in shallow swales 
and depressions, Tonka soils in deeper depressions that 
are identified on the detailed soil map by a diamond 
symbol, and Hamerly soils around the edges of some 
of the depressions. Also included are a few areas of 
the Edgeley variant in positions similar to those of the 
Svea variant. 

Surface runoff is slow, and water ponds in swales 
and depressions. The hazard of soil blowing is slight. 

Most areas are cultivated. This soil is suited to grain 
crops, grasses, and legumes. Wetness in swales and 
depressions and soil blowing are the main concerns of 
management. Capability unit IIIs-6; windbreak suit- 
ability group 1. 


Swenoda Series 


The Swenoda series consists of deep, nearly level 
and gently undulating, moderately well drained soils 
that formed in moderately coarse textured glacioflu- 
vial deposits overlying medium textured or moderately 
fine textured glacial till. These soils are on sand- 
mantled glacial till plains. 
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In a representative profile the surface layer is very 
dark gray fine sandy loam in the upper 8 inches and 
very dark grayish-brown sandy loam in the lower 10 
inches. The subsoil is mottled, dark grayish-brown, 
very friable sandy loam about 10 inches thick. The 
substratum is mottled, grayish-brown loamy sand in 
the upper 2 inches, light-gray clay loam in the next 
8 inches, and light brownish-gray clay loam in the 
lowermost 12 inches. 

Permeability is moderately rapid in the surface layer, 
subsoil, and upper part of the substratum and mod- 
erately slow in the lower part of the substratum. The 
available water capacity is moderate. The organic- 
matter content is high, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Swenoda fine sandy loam, 
in an area of Embden, Swenoda, and Heimdal fine 


sandy loams, 0 to 8 percent slopes, in a cultivated 


field, 350 feet north and 525 feet east of the southwest 
corner of sec. 31, T. 149 N., R. 66 W., Eddy County: 


Ap—0 to 8 inches, very dark gray (10YR 3/1) fine sandy 
loam, black (1L0YR 2/1) moist; weak, medium and 
fine, granular structure; slightly hard, very fria- 
ble, slightly sticky and slightly plastic; many 
roots; neutral; abrupt, smooth boundary. 

A12—8 to 18 inches, very dark grayish-brown (10YR 3/2) 
sand loam, very dark brown (10YR 2/2) moist; 
very weak, medium, prismatic structure parting to 
weak, medium, subangular blocky; slightly hard, 
very friable, slightly sticky and slightly plastic; 
many roots; neutral; gradual, wavy boundary. 

to 28 inches, dark grayish-brown (10YR 4/2) 

sandy loam, very dark grayish brown (10YR 3/2) 

moist; few, fine, distinct, dark yellowish-brown 

(10YR 4/4, moist) mottles; weak, medium, pris- 

matic structure parting to weak, medium, sub- 

angular blocky; slightly hard, very friable, slightly 
sticky and slightly plastic; common roots; mildly 
alkaline; gradual, wavy boundary. 

C1—28 to 30 inches, grayish-brown (10YR 5/2) loamy 
sand, dark grayish brown (10YR 4/2) moist; few, 
medium, distinct, yellowish-brown (10YR 5/6, 
moist) mottles; very weak, medium, prismatic 
structure parting to single grained; soft, very 
friable, slightly sticky and nonplastic; few roots; 
mildly alkaline; abrupt, wavy boundary. 

IIC2—-30 to 38 inches, light-gray (2.5Y 7/2) clay loam, 
light brownish gray (2.5Y 6/2) moist; massive; 
hard, firm, sticky and plastic; strongly efferves- 
cent; moderately alkaline; gradual, wavy bound- 


ary. 

IIC3—88 to 60 inches, light brownish-gray (2.5Y 6/2) clay 
loam, grayish brown (2.5Y 5/2) moist; massive; 
hard, firm, sticky and plastic; slightly to strongly 
effervescent; moderately alkaline. 


Depth to the glacial till IIC horizon ranges from 20 to 40 
inches. The A horizon ranges from 12 to 20 inches in thick- 
ness. It is very dark gray, dark-gray, or very dark grayish- 
brown sandy loam or fine sandy loam. The B horizon ranges 
from 10 to 20 inches in thickness. It is sandy loam or fine 
sandy loam. The C horizon ranges from 0 to 12 inches in 
thickness. It is mottled, grayish-brown, brown, or yellowish- 
brown sandy loam, fine sandy loam, loamy sand, or loamy 
fine sand, The IIC horizon is light-gray or light brownish- 
gray glacial till of loam or clay loam, and it is calcareous in 
most places. 

Swenoda soils are adjacent to and have profile charac- 
teristics similar to those of Embden, Emrick, and Heimdal 
soils in many places. They have glacial till at a depth be- 
tween 20 and 40 inches, which Embden soils do not have. 
They aré deeper to glacial till than Emrick soils and 
Heimdal soils. 


Swenoda-Embden fine sandy loams (Sz)—These soils 


B2—18 


are nearly level and are on sand-mantled glacial 
till plains. The sand overlying the glacial till is less 
than 1 foot to more than 5 feet deep. Swenoda and 
IEmbden soils each make up about 40 percent of the 
mapping unit. 

Included with these soils in mapping are small areas 
of Egeland soils and Heimdal soils in convex positions, 
Emrick soils in positions similar to those of Swenoda 
soils and Embden soils, Kratka soils and Tiffany soils 
in swales and depressions that are identified on the 
detailed soil map by a diamond symbol, and Wynd- 
mere soils around the edges of some of the depressions. 
Also included are a few areas of soils that have a sur- 
face layer of sandy loam. 

Surface runoff is slow, and water ponds in swales 
and depressions. The hazard of soil blowing is very 
severe. 

Most areas are cultivated; some are used for pasture 
and hay. These soils are suited to grain crops, grasses, 
and legumes. Soil blowing and wetness in swales and 
depressions are the main concerns of management. 
Capability unit IITe-3M ; windbreak suitability group 1. 


Tiffany Series 


The Tiffany series consists of deep, nearly level, 
poorly drained soils that formed in moderately coarse 
textured glaciofluvial deposits over coarse textured gla- 
ciofluvial deposits. These soils are in depressions on 
glacial outwash plains and sand-mantled glacial till 
plains. 

In a representative profile the surface layer is dark- 
gray sandy loam about 16 inches thick that has mot- 
tles in the lower 10 inches. The subsoil is mottled, 
grayish-brown, very friable sandy loam about 9 inches 
thick. The substratum is 35 inches thick. In the upper 
15 inches it is mottled light olive-brown loamy sand. 
In the 8 inches below that it is light brownish-gray 
fine sand, and in the next 6 inches it is grayish-brown 
sand. In the lowermost 14 inches it is light brownish- 
gray sand. 

Permeability is moderately rapid, and the available 
water capacity is low. The organic-matter content is 
high, and fertility is medium. The water table is within 
5 feet of the surface most of the year and just below 
the surface in spring and early in summer. Tillage is 
often delayed in spring because of wetness. 

These soils are suited to grasses and, if drained, to 
small grains and legumes. 

Representative profile of Tiffany sandy loam in a 
cultivated field, 75 feet south and 800 feet east of the 
northwest corner of the NEI{ sec. 31, T. 151 N., R. 
62 W., Benson County: 


Ap—0 to 6 inches, dark-gray (10YR 4/1) sandy loam, 
black (10YR 2/1) moist; weak, medium, subangu- 
lar blocky structure parting to moderate, fine, 
crumb; soft, very friable, slightly sticky and 
slightly plastic; many roots; slightly acid; abrupt, 
smooth boundary. 

Al2—6 to 16 inches, dark-gray (10YR 4/1) sandy loam, 
black (10Y¥R 2/1) moist; common, fine, faint, very 
dark grayish-brown (10YR 8/2, moist) mottles; 
weak, medium, prismatic structure parting to 
weak, medium and fine, subangular blocky; slightly 
hard, very friable, slightly sticky and_ slightly 
plastic; common roots; neutral; clear, smooth 
boundary. 
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B2g—16 to 25 inches, grayish-brown (2.5Y 5/2) sandy 
loam, dark grayish brown (2.5¥ 4/2) moist; com- 
mon, fine, distinct, very dark grayish-brown (10YR 
8/2, moist) mottles; weak, coarse, prismatic struc- 
ture parting to weak, medium, subangular blocky; 
slightly hard, very friable, slightly sticky and 
slightly plastic; few roots; neutral; clear, smooth 
boundary. 

Clg—25 to 28 inches, light olive-brown (2.5Y 5/4) loamy 
sand, olive brown (2.5Y 4/4) moist; common, me- 
dium, distinct, dark-brown (10YR 3/3, moist) 
mottles; very -weak, coarse, prismatic structure 
parting to single grained; soft, very friable, 
slightly sticky and nonplastic; few roots; few con- 
cretions of iron; neutral; gradual, smooth bound- 


ary. 
C2g—28 to 40 inches, light olive-brown (2.5Y 5/4) loamy 


sand, olive brown (2.5Y¥ 4/4) moist; common, me- 
dium, distinct, dark yellowish-brown (10YR 3/4, 
moist) mottles; very weak, coarse, prismatic struc- 
ture parting to single grained; soft, very friable, 
slightly sticky and nonplastic; few roots; few 
concretions of iron; neutral; clear, smooth bound- 


ary. 

C8g—40 to 48 inches, light brownish-gray (2.5Y 6/2) fine 
sand, dark grayish brown (2.5Y 4/2) moist; many, 
fine, distinct, yellowish-brown (10YR 5/4, moist) 
mottles: single grained; loose, nonsticky and non- 
plastic; neutral; clear, smooth boundary. 

C4g—48 to 54 inches, grayish-brown (2.5Y 5/2) sand, 
dark grayish brown (2.5Y 4/2) moist; common 
fine, distinct, light yellowish-brown (10YR 6/4, 
moist) mottles; single grained; loose, nonsticky 
and nonplastic; neutral; clear, smooth boundary. 

C5g—54 to 60 inches, light brownish-gray (2.5Y 6/2) 
sand, grayish brown (2.5Y 5/2) moist; many, me- 
dium, distinct, dark yellowish-brown (10YR 4/4, 
moist) mottles; single grained; loose, nonsticky 
and nonplastic; neutral. 


The A horizon ranges from 8 to 18 inches in thickness. It 
is dark-gray or very dark gray fine sandy loam, sandy 
loam, or loam. Mottles are common below a depth of 10 
inches, but they are within 5 inches of the surface in some 
places. The B horizon ranges from 5 to 12 inches in thick- 
ness. It is mottled, grayish-brown or dark-gray fine sandy 
loam or sandy loam. The C horizon is mottled, light olive 
brown, light brownish gray, grayish brown, or light olive 
gray. Typically, the soi] material is noncaleareous, but the 
C horizon is calcareous in some places. Glacial till is below 
a depth of 86 inches where the soil is in sand-mantled 
glacial till plains. 

Tiffany soils are adjacent to Embden, Venlo, and 
Wyndmere soils in many places. They are more poorly 
drained than Embden soils. They are better drained than 
Venlo soils. They lack the accumulation of lime in the upper 
part of the C horizon, which is a characteristic of Wynd- 
mere soils. 


Tiffany sandy loam (Tf].-This soil is nearly level and 
is in depressions on glacial outwash plains. It has the 
profile described as representative of the series. 

Included with this soil in mapping are small areas 
of Hamar soils and Wyndmere soils in slightly higher 
positions and Arveson, Fossum, and Venlo soils in 
slightly lower positions. Also included are small areas 
. soils that have a surface layer of fine sandy loam or 
oam. 

Surface runoff is very slow, and water ponds in low 
positions. The hazard of soil blowing is very severe. 

Most areas are cultivated; some are used for pasture 
and hay where they are associated with the more poorly 
drained soils. This soil is suited to grasses and, if 
drained, to small grains and legumes. Wetness and soil 
blowing are the main concerns of management. Ca- 
pability unit II1Iw-3; windbreak suitability group 2. 

Tiffany fine sandy loam, till substratum (Tg)—This 


soil is nearly level and is in depressions and swales on 
sand-mantled glacial till. It has a profile similar to the 
one described as representative of the series, but the 
surface texture is fine sandy loam and glacial till is 
below a depth of 36 inches. 

Included with this soil in mapping are small areas 
of Kratka soils in positions similar to those of Tiffany 
soils and small areas of Fram soils and Wyndmere 
soils in slightly higher positions. 

Surface runoff is very slow. The hazard of soil blow- 
ing is very severe. 

Most areas are cultivated. This soil is suited to 
grasses and, if drained, to small grains and legumes. 
Wetness and soil blowing are the main concerns of 
management. Capability unit IIIw—3; windbreak suit- 
ability group 2. 


Tolna Series 


The Tolna series consists of moderately deep, nearly 
level, somewhat poorly drained soils that formed in 
medium-textured  glaciofluvial deposits overlying 
coarse-textured glaciofluvial deposits. These soils are 
in shallow swales and depressions on glacial outwash 
plains. 

In a representative profile the surface layer is dark- 
gray loam about 6 inches thick. The subsoil is about 
24 inches thick. The upper 8 inches is dark grayish- 
brown friable loam. Below that is 8 inches of light 
brownish-gray friable loam, The lowermost 13 inches 
is mottled, pale-olive, very friable to loose, heavy fine 
sandy loam, The substratum is shaly coarse sand and 
gravel that is mottled and light brownish gray in the 
upper 10 inches and is variegated light olive gray and 
light brownish gray in the lower 20 inches. 

Permeability is moderately rapid in the surface 
layer and subsoil and very rapid in the substratum. 
The available water capacity is low. The organic-matter 
content is high, and fertility is medium. Drains are 
difficult to install because outlets generally are not 
available. 

These soils are suited to grasses and, if drained, to 
small grains and legumes. 

Representative profile of Tolna loam, in a cultivated 
field, 1,000 feet south and 200 feet west of the northeast 
corner of the NW!) sec. 18, T. 149 N., R. 64 W., Eddy 
County: 

Ap—0 to 6 inches, dark-gray (10YR 4/1) loam, black 
(10YR 2/1) moist; moderate, fine, granular and 
very fine, subangular blocky:structure; hard, fria- 
ble, slightly sticky and slightly plastic; many 
roots; few rounded pebbles of shale 10 millimeters 
or less in diameter; medium acid; abrupt, smooth 
boundary. 

B21—6 to 9 inches, dark grayish-brown (2.5Y 4/2) loam, 
very dark grayish brown (2.5Y 8/2) moist; mod- 
erate, medium, prismatic structure parting to 
moderate, coarse and medium, platy; hard, friable, 
sticky and slightly plastic; common roots; very 
dark gray (10YR 3/1, moist), thin, continuous 
clay films on faces of prisms; few bleached sand 
grains on faces of peds; common shale pebbles as 
large as 20 millimeters; medium acid; clear, wavy 
boundary. 

B22—9 to 17 inches, light brownish-gray (2.5Y 6/2) loam, 
dark grayish brown (2.5Y¥ 4/2) moist; few, fine, 
faint, yellowish-brown (10YR 5/4, moist) mottles; 
moderate, medium, prismatic structure parting to 
moderate, coarse and medium, platy; hard, friable, 
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sticky and slightly plastic; common roots; dark- 
gray (2.5Y 4/1, moist), thin, continuous clay films 
and few bleached sand grains on faces of peds; 
common shale pebbles as large as 10 millimeters; 
medium acid, clear, wavy boundary. 

B38—17 to 30 inches, pale-olive (5Y 6/3) heavy fine sandy 
loam, olive (5Y 4/3) moist; common, fine, distinct, 
yellowish-brown (10YR 5/4, moist) mottles; very 
weak, coarse, prismatic structure parting to weak, 
coarse, medium and fine, subangular blocky; soft, 
very friable to loose, slightly sticky and very 
slightly plastic; few roots; medium acid; clear, 
wavy boundary. 

IIC1i—30 to 40 inches, light brownish-gray (2.5Y 6/2) 
shaly coarse sand and gravel, dark grayish brown 
(2.5Y 4/2) moist; common, fine, distinct, 
yellowish-brown (10YR 5/4, moist) mottles; sin- 
gle grained; loose, nonsticky and nonplastic; com- 
mon fragments of shale as large as 30 millimeters 
and few as large as 40 millimeters; slightly acid; 
clear, wavy boundary. 

IICG2—40 to 60 inches, variegated light olive-gray (5Y 6/2) 
and light brownish-gray (2.5Y 6/2) shaly coarse 
sand and gravel, olive gray (5Y 4/2) and dark 
grayish brown (2.5Y 4/2) moist; single grained; 
loose, nonsticky and nonplastic; common shale 
gravel that ranges from 2 to 30 millimeters and a 
few that range from 30 to 50 millimeters; slightly 
effervescent; mildly alkaline. 


Depth to the sand and gravel substratum ranges from 16 
to 40 inches but typically is 24 to 80 inches. The A horizon 
ranges from 6 to 10 inches in thickness. It is dark gray or 
very dark gray. The B2 horizon ranges from 10 to 16 
inches in thickness. It is dark grayish-brown, light 
brownish-gray, and grayish-brown loam or heavy sandy 
loam. In most places, clay films and bleached sand grains 
are on the faces of prisms. The B3 horizon ranges from 5 to 
13 inches in thickness. It is grayish-brown or pale-olive 
sandy loam to sandy clay loam. The IIC horizons are 
typically stratified shaly sand and gravel, but they contain 
a layer of granitic sand and gravel in some places. Lime 
coats the undersides of pebbles in the lower part of the IIC 
horizon in some places. 

Tolna soils are adjacent to Binford, Brantford, Kensal, 
and Walum soils in many places. All of these soils are 
underlain by shaly coarse-textured deposits. Tolna soils are 
more poorly drained than Binford, Brantford, Kensal, and 
Walum soils. 

Tolna loam (Tn).—This soil is nearly level and is in 
shallow swales and depressions on glacial outwash 
plains that contain a high percentage of shale. 

Included with this soil in mapping are small areas 
of Binford, Brantford, Kensal, and Walum soils in 
slightly higher, better drained positions. ; 

Surface runoff is ponded. The hazard of soil blow- 
ing is slight. Tillage is often delayed because of wet- 
ness in spring and in summer after heavy rains. 

Most areas are cultivated. This soil is suited to 
grasses and, if drained, to small grains and legumes. 
Wetness, soil blowing, and droughtiness caused by the 
low available water capacity are the main concerns of 
management. Capability unit I[Iw-6; windbreak suit- 
ability group 2. 


Tonka Series 


The Tonka series consists of deep, nearly level, 
poorly drained soils that formed in medium-textured 
local alluvium-colluvium overlying medium-textured 
and moderately fine textured glacial till, These soils 
are in swales and depressions on glacial till plains. 

In a representative profile the surface layer is mot- 
tled, dark-gray silt loam about 7 inches thick. The sub- 


surface layer is mottled, light-gray, very fine sandy 
loam about 4 inches thick. The subsoil is mottled gray, 
firm clay loam about 17 inches thick. The substratum 
is mottled, gray loam 82 inches thick. 

Permeability is slow, and the available water capac- 
ity is high. The organic-matter content is high, and 
fertility is medium. These soils receive runoff from the 
surrounding higher lying areas in spring and during 
periods of heavy rainfall. Drains are difficult to install 
because outlets generally are not available. 

These soils are suited to grasses and, where drained, 
to grain crops and legumes. 

Representative profile of Tonka silt loam, in a culti- 
vated field, 200 feet north and 1,000 feet east of the 
southwest corner of sec. 28, T. 149 N., R. 67 W., Eddy 
County: 


Ap—0 to 5 inches, dark-gray (10YR 4/1) silt loam, black 
(10YR 2/1) moist; few, fine, faint, yellowish- 
brown (10YR 5/4, moist) mottles; moderate, me- 
dium, subangular blocky structure; slightly hard, 
friable, slightly sticky and slightly plastic; many 
roots; neutral; abrupt, smooth boundary. 

A12—5 to 7 inches, dark-gray (10YR 4/1) silt loam, black 
(1L0YR 2/1) moist; common, fine, faint, yellowish- 
brown (10YR 5/4, moist) mottles; weak, coarse, 
prismatic structure parting to weak, medium, 
platy; slightly hard, friable, slightly sticky and 
slightly plastic; many roots; neutral; clear, smooth 
boundary. 

A2—7 to 11 inches, light-gray (2.5Y 7/2) very fine sandy 
loam, dark grayish brown (2.5Y 4/2) moist; com- 
mon, fine, distinct, yellowish-brown (l0YR 5/4, 
moist) mottles; weak, coarse, prismatic structure 
parting to moderate, fine, platy; slightly hard, very 
friable, slightly sticky and slightly plastic; many 
roots; neutral; clear, smooth boundary. 

B2it—11 to 19 inches, gray (5Y 5/1) clay loam, dark gray 
(5¥ 4/1) moist; many, medium, _— distinct, 
yellowish-brown (10YR 5/4, moist) mottles; mod- 
erate, medium, prismatic structure parting to 
weak, medium, platy, hard, firm, sticky and 
plastic; common roots; neutral; gradual, smooth 
boundary. 

B22t—19 to 28 inches, gray (5Y 5/1) clay loam, dark gray 
(5Y 471) moist; common, medium, distinct, 
yellowish-brown (10YR 5/4, moist) mottles; mod- 
erate, medium, prismatie structure parting to 
moderate, fine, angular blocky; hard, firm, sticky 
and plastic; few roots; neutral; clear, wavy 
boundary. 

C—28 to 60 inches, gray (5Y 6/1) loam, dark gray (5Y 
4/1) moist; many, coarse, prominent, yellowish- 
brown (LOYR 5/4, moist) mottles; massive; hard, 
oe slightly sticky and slightly plastic; neu- 
ral. 


The Al horizon ranges from 6 to 20 inches in thickness. 
It is dark-gray or very dark gray silt loam, loam, or light 
silty clay loam. The A2 horizon ranges from 4 to 18 inches 
in thickness. It is light-gray, gray, or grayish-brown very 
fine sandy loam, loam, or silt loam. The B2 horizon ranges 
from 10 to 20 inches in thickness. It is clay loam, silty clay 
loam, or silty clay. The substratum is gray or olive-gray 
loam or clay loam. 

Tonka soils are adjacent to Parnell, Vallers, and Wyard 
soils in many places. They have a platy A2 horizon, which 
the Parnell soils do not have. They have a B horizon, 
which the Vallers soils do not have. They have a more 
strongly developed B2t horizon and are more poorly drained 
than Wyard soils. 


Tonka silt loam (To).—This soil is nearly level and is 
in swales and depressions on glacial till plains. 

Included with this soil in mapping are small areas 
of Parnell soils in positions similar to those of Tonka 
soils. Also included are small areas of Fram, Hamerly, 
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and Vallers soils around the edges of some of the de- 
pressions 

Surface runoff is ponded. The hazard of soil blow- 
ing is slight. 

Many areas are used for pasture, hay, or are left 
idle and used for wildlife habitats. Tillage is often 
delayed because of wetness, and crops drown in places 
after periods of heavy rainfall. This soil is better suited 
to grasses and wetland vegetation than to most other 
uses. If drained, it is suited to grain crops, grasses, 
and legumes. Wetness and soil blowing are the main 
concerns of management. Capability unit IIlw-6; 
windbreak suitability group 2. 


Totten Series 


The Totten series consists of moderately deep, 
nearly level, poorly drained and very poorly drained, 
claypan soils that formed in medium-textured glacio- 
fluvial deposits overlying coarse-textured glaciofluvial 
deposits. These soils are on glacial outwash plains and 
in meltwater channels. 

In a representative profile the surface layer is very 
dark gray loam about 5 inches thick. The subsoil is 
about 21 inches thick. The upper 5 inches is dark-gray, 
friable sandy clay loam. The next 7 inches is light-gray, 
friable sandy clay loam. The lower 9 inches is mottled, 
light-gray, friable loam that contains an accumulation 
of lime. The substratum is 34 inches thick. The upper 
8 inches is mottled, light yellowish-brown coarse sand. 
Below this is 6 inches of light yellowish-brown gra- 
velly coarse sand. The lowermost 20 inches is varie- 
gated light olive-brown and light yellowish-brown 
stratified coarse sand, gravelly coarse sand, and sandy 
gravel. 

Permeability is moderately slow in the surface layer 
and subsoil and rapid in the substratum. The available 
water capacity is low. The organic-matter content is 
medium, and fertility is low. The water table is within 
5 feet of the surface most of the year and at or near 
the surface in spring and early in summer. A perched 
water table forms above the dense subsoil during peri- 
ods of heavy rainfall. The dense subsoil and the salts 
in the subsoil limit root and water penetration. Tillage 
is often delayed in spring because of wetness. 

These soils are suited to salt-tolerant grasses and, if 
drained, to salt-tolerant small grains. 

Representative profile of Totten loam, in a cultivated 
field, 180 feet south and 90 feet west of the northeast 
corner of the NW1,, sec. 7, T. 149 N., R. 65 W., Eddy 
County: 

Ap—0 to 5 inches, very dark gray (10YR 3/1) loam, black 
(10YR 2/1) moist; moderate, fine, angular blocky 
structure parting to moderate, fine, granular; 
slightly hard, friable, slightly sticky and slightly 
plastic; many roots; few pebbles as large as 5 
millimeters; strongly effervescent; moderately al- 
kaline; abrupt, smooth boundary. 

B21t—5 to 10 inches, dark-gray (10YR 4/1) sandy clay 
loam, very dark gray (10YR 3/1) moist; interior 
of prisms are light brownish gray (2.5Y 6/2) 
moist; moderate, very coarse, prismatic structure 
parting to strong, fine and very fine, angular 
blocky; hard, friable, sticky and plastic; common 
roots; bleached sand grains coat faces of prisms; 
violently effervescent in ped interiors and strongly 


effervescent on ped exteriors; moderately alkaline; 
clear, irregular boundary. 


B22t—10 to 17 inches, light-gray (2.5Y 7/2) sandy clay 
loam, light olive brown (2.5Y 5/4) moist; many, 
fine and medium, distinct, yellowish-brown (10YR 
5/6, moist) and gray (5Y 6/1, moist) mottles; 
very dark gray (10YR 3/1, moist) coatings on 
faces of prisms; moderate, very coarse, prismatic 
structure parting to moderate, fine and very fine, 
angular blocky; hard, friable, slightly sticky and 
slightly plastic; few roots; diffuse lime in interiors 
of peds; violently a” moderately alka- 
line; gradual, wavy boundar 

B8ca—17 to 26 inches, light-gray ey 7/1) loam, olive 
gray (5Y 5/2) moist; many, fine and medium, 
prominent, yellowish-brown (10YR_ 5/6, moist), 
many, medium, distinct, gray (5Y 6/1, moist), 
and few, fine, prominent, black (LOYR 2/1, moist) 
mottles; discontinuous coatings of dark grayish 
brown (2.5Y 4/2) on faces of prisms; moderate, 
very coarse, prismatie structure parting to mod- 
erate, coarse and medium, platy and moderate and 
strong, fine and very fine, angular blocky; hard, 
friable, slightly sticky and slightly plastic; few 
roots; slightly effervescent; strongly effervescent 
in interior of peds; moderately alkaline; clear, 
irregular boundary. 

IIC1—-26 to 34 inches, light yellowish-brown (2.5Y 6/4) 
coarse sand, light olive brown (2.5Y 5/4) moist; 
few, fine, prominent, black (10YR 2/1, moist) 
mottles; single grained; slightly hard, loose, non- 
sticky and nonplastic; slightly effervescent; mod- 
erately alkaline; clear, wavy boundary. 

TIC2—34 to 40 inches, light yellowish-brown (10YR 6/4) 
gravelly coarse sand, dark yellowish brown (10YR 
4/4) moist; single grained; loose, nonsticky and 
nonplastic; 25 percent by volume fragments 
coarser than 2 millimeters; slightly effervescent; 
mildly alkaline; clear, wavy boundary. 

TIC38—40 to 60 inches, variegated light olive-brown and 
light yellowish-brown (2.5Y 5/4 and 10YR 6/4) 
stratified coarse sand, gravelly coarse sand, and 
sandy gravel, olive brown and brown (2.5Y 4/4 
and 10YR 5/3) moist; single grained; loose, non- 
sticky and nonplastic; 10 percent to more than 60 
percent by volume fragments coarser than 2 milli- 
meters in some strata; strongly effervescent; mad- 
erately alkaline. 


Depth to the sand and gravel substratum ranges from 15 
to 40 inches, but typically is 20 to 80 inches. The A horizon 
ranges from 5 to 12 inches in thickness. It is dark-gray or 
very dark gray silt loam, loam, or sandy loam. The B2 
horizon ranges from 10 to 20 inches in thickness. It is light 
brownish-gray, dark-gray, gray, or light-gray sandy clay 
loam or clay loam. It has strong to weak prismatic structure 
that parts to strong or moderate angular blocky structure. 

Organic coatings and bleached sand grains are on the 
faces of prisms in most places. The interior of the peds in 
the B2 horizon vary considerably in color, amount of visible 
salts, and content of lime within short distances. Some pro- 
files are highly convoluted and the B2 horizon contains 
materia! from the B8 and IIC horizons. 

The B3 horizon ranges from 0 to 12 inches in thickness. 
It is mottled, light-gray or gray sandy clay loam, loam, or 
sandy loam. It has weak or moderate prismatic structure 
that parts to weak or moderate platy and angular blocky 
structure, The IIC hovizons are typically stratified granitic 
sand and gravel, but in some areas they contain mainly 
stratified shaly sand and gravel. Glacial till is below a 
depth of 40 inches in some places, 

Totten soils are adjacent to Divide, Lemert, and Marys- 
land soils in many places. They have an alkaline B2t 
horizon, which Divide and Marysland soils do not have. 
They contain more clay in the A and B horizons than 
Lemert soils. 


Totten sandy loam (Ts).—This soil is nearly level and 
is on glacial outwash plains and in meltwater chan- 
nels. It has a profile similar to the one described as 
representative of the series, but it has a surface layer 
of sandy loam. 

Included with this soil in mapping are small areas 
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of Totten loam and Totten loam, very wet. Also in- 
cluded are Lemert, Wyrene, and Marysland soils and 
some cultivated areas where the soils have a surface 
layer that is lighter colored and is hard and cloddy 
when dry and sticky when wet because some of the 
subsoil has been mixed with the surface layer (fig. 15). 
Surface runoff is very slow, and water ponds in low 
positions. The hazard of soil blowing is very severe. 
Some areas are cultivated, and others are in hay and 
pasture. This soil is better suited to salt-tolerant 
grasses than to most other uses, and, if drained, it is 
suited to salt-tolerant small grains. Growth of most 
crops is reduced because the subsoil is dense and per- 


meability is moderately slow. Wetness, soil blowing, 


droughtiness caused by the low available water capac- 
ity, and maintenance of good soil tilth in cultivated 
areas are the main concerns of management. Capabil- 
ity unit IVws-8; windbreak suitability group 9. _ 

Totten loam (Tt)—This soil is nearly level and is on 
glacial outwash plains and in meltwater channels. It 
has the profile described as representative of the series. 

Included with this soil in mapping are small areas 
of Totten sandy loam, Divide soils, Warsing soils in 
slightly higher positions, and areas of Marysland soils 
and Totten loams, very wet, in slightly lower positions. 
In some cultivated areas the soils have a surface layer 
that is lighter colored and is hard and cloddy when 
dry and sticky when wet because some of the subsoil 
has been mixed with the surface layer. 

Surface runoff is very slow, and water ponds in low 
positions. The hazard of soil blowing is slight. 

Some areas are cultivated, but others are in hay and 
pasture. This soil is better suited to salt-tolerant 
grasses than to most other uses, and, if drained, it is 
suited to salt-tolerant small grains. Growth of most 
crops is reduced because the subsoil is dense and per- 
meability is moderately slow. Wetness, droughtiness 
caused by the low available water capacity, and main- 
tenance of good soil tilth in cultivated areas are the 
main concerns of management. Capability unit 1Vws-6; 
windbreak suitability group 9. 

Totten loam, very wet (Tu).—This soil is nearly level 
and is in depressions on glacial outwash plains and in 
meltwater channels. 


Figure 15.—Totten soils have a cloddy surface layer after a 
seedbed has been prepared. 


Included with this soil in mapping are small areas 
of Borup soils and Marysland soils in similar positions. 
Also included are small areas of Totten loam and Divide 
soils in slightly higher positions. In some cultivated 
areas the soils have a surface layer that is lighter 
colored and is hard and cloddy when dry and sticky 
when: wet, because some of the subsoil has been mixed 
with the surface layer. 

Surface runoff is ponded. The water table is within 
3 feet of the surface most of the year and at the 
surface for longer periods early in summer. Drains are 
difficult to install because outlets are not generally 
available. 

Most areas are used for hay and pasture, but some 
are cultivated along with the adjoining better drained 
soils. This soil is better suited to salt-tolerant grasses 
than to most other uses. Wetness, droughtiness caused 
by the low available water capacity, and maintenance 
of good soil tilth in cultivated areas are the main con- 
cerns of management. Capability unit Vw-8; wind- 
break suitability group 10. 

Totten loam, till substratum (Tv).—This soil is nearly 
level and is on glacial outwash plains and in melt- 
water channels. It has a profile similar to the one 
described as representative of the series, but glacial 
till is below a depth of about 40 inches. 

Included with this soil in mapping are small areas 
of Totten sandy loam and Divide soils in similar po- 
sitions. Also included are small areas of Marysland 
soils and Totten loams, very wet, in slightly lower po- 
sitions. In some cultivated areas the soils have a surface 
layer that is lighter colored and is hard and cloddy 
when dry and sticky when wet because some of the 
subsoil has been mixed with the surface layer. 

Surface runoff is very slow, and water ponds in low 
positions. The hazard of soil blowing is slight. 

Some areas are cultivated, and others are in hay 
and pasture. This soil is better suited to salt-tolerant 
grasses than to most other uses, and, if drained, it is 
suited to salt-tolerant small grains. Growth of most 
crops is reduced because the subsoil is dense and per- 
meability is moderately slow. Wetness, droughtiness 
caused by the low available water capacity, and main- 
tenance of good soil tilth in cultivated areas are the 
main concerns of management. Capability unit [Vws- 
6; windbreak suitability group 9. 


Towner Series 


The Towner series consists of deep, nearly level and 
gently undulating, moderately well drained soils that 
formed in coarse-textured deposits underlain by gla- 
cial till. These soils are on sand-mantled glacial till 
plains. 

In a representative profile the surface layer is very 
dark gray fine sandy loam about 18 inches thick. The 
substratum is 42 inches thick. The upper 9 inches is 
dark grayish-brown, very friable loamy fine sand, Be- 
low that is 19 inches of light olive-brown loam. The 
next 10 inches ‘is light olive-brown sand. The lower 
most 4 inches is mottled, pale-yellow loam. 

Permeability is rapid in the surface layer and sub- 
soil and moderately slow in the substratum. The avail- 
able water capacity is moderate. The organic-matter 
content is high, and fertility is medium. A perched 
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water table forms above the glacial till substratum dur- 
ing periods of heavy rainfall. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Towner fine sandy loam, 
0 to 8 percent slopes, in a cultivated field, 50 feet south 
and 1,600 feet east of the northwest corner of sec. 19, 
T. 148 N., R. 63 W., Eddy County: 


Ap—O to 6 inches, very dark gray (10¥R 3/1) fine sandy 
loam, black (LOYR 2/1) moist; moderate, fine 
subangular blocky structure; soft, very friable, 
slightly sticky and slightly plastic; many roots; 
neutral; abrupt, smooth boundary. 

A12—6 to 18 inches, very dark gray (10YR 3/1) light fine 
sandy loam, black (10YR 2/1) moist; moderate and 
weak, fine subangular blocky structure; soft, very 
friable, slightly sticky and slightly plastic; many 
roots; neutral; gradual, wavy boundary. 

C—18 to 27 inches, dark grayish-brown (1LOYR 4/2) loamy 
fine sand, very dark grayish brown (10YR 3/2) 
moist; very weak, coarse, prismatic structure part- 
ing to single grained; soft, very friable, slightly 
sticky and nonplastic; common roots; few pebbles 
as large as 5 millimeters; mildly alkaline; abrupt, 
wavy boundary. 

JIC2—27 to 46 inches, light olive-brown (2.5Y 5/4) loam, 
olive brown (2.5Y 4/4) moist; massive; hard, 
friable, sticky and plastic; few roots; few pebbles 
as large as 30 millimeters; moderately alkaline; 
abrupt, wavy boundary. 

TIIC3—46 to 56 inches, light olive-brown (2.5Y 5/4) sand, 
olive brown (2.5Y 4/4) moist; single grained; 
loose, nonsticky and nonplastic; few pebbles as 
large as 20 millimeters; moderately alkaline; 
abrupt, wavy boundary. 

IVC4—56 to 60 inches, pale-yellow (2.5Y 7/3) loam, light 
olive brown (2.5Y 5/4) moist; few, fine, distinct, 
dark yellowish-brown (LOYR 3/4, moist) mottles; 
massive; hard, friable, sticky and plastic; com- 
mon fine segregations of lime; strongly efferves- 
cent; moderately alkaline. 


Depth to glacial till ranges from 20 to 40 inches. The 
A horizon ranges from 16 to 23 inches in thickness. It is 
very dark gray or dark-gray fine sandy loam or sandy loam. 
The lower part of the A horizon is loamy fine sand or 
loamy sand in places. The C horizon ranges from 8 to 12 
inches in thickness. It is dark grayish-brown or grayish- 
brown loamy fine sand or loamy sand. Mottles are in the 
C horizon in some places. Typically, the IIC horizon is 
loam or glacial till of clay loam that is broken by pockets 
or layers of coarser textured material, but in some places 
the IIC horizon is on glacial till. 

Towner’ soils are adjacent to Dickey, Emrick, Hecla, 
Maddock, and Svea soils in many places. They have a 
thicker A horizon than Dickey soils. They have coarser 
textured A and C horizons than Emrick and Svea soils. 
They lack a B horizon, which is a characteristic of Emrick 
and Svea soils. They have glacial till at a depth of 20 to 
40 inches, which Hecla soils and Maddock soils do not have. 


Towner fine sandy loam, 0 to 3 percent slopes (TwA). 
—tThis soil is on sand-mantled glacial till. It has the 
profile described as representative of the series. 

Included with this soil in mapping are small areas 
of Dickey, Heimdal, and Maddock soils in convex po- 
sitions, Emrick soils and Hecla soils in positions simi- 
lar to those of Towner soils, and Hamar soils and 
Kratka soils in shallow swales. Some areas of this soil 
have been reworked to some extent by soil blowing. 
Also included are some soils that are underlain by 
bedded shale instead of glacial till. They are adjacent 
to the Sheyenne River Valley and drainageways lead- 
ing to the Sheyenne River and make up about 10 per- 
cent of the acreage. 


Surface runoff is slow, and water ponds in swales. 
The hazard of soil blowing is very severe. 

Most areas are cultivated, and some are used for 
pasture and hay. This soil is suited to grain crops, 
grasses, and legumes. Soil blowing and wetness in 
swales are the main concerns of management. Capa- 
bility unit IIIe-8M; windbreak suitability group 1. 

Towner fine sandy loam, 3 to 6 percent slopes (Tw8). 
—This soil is on sand-mantled glacial till. 

Ineluded with this soil in mapping are small areas 
of Dickey, Heimdal, and Maddock soils on summits, 
shoulder slopes, and upper back slopes. Also included 
are areas of Emrick soils and Hecla soils on lower 
back slopes, foot slopes, and toe slopes and Hamar 
soils and Kratka soils in shallow swales, This soil has 
been reworked to some extent by soil blowing in some 
areas. 

Surface runoff is medium, and water ponds in 
swales. The hazard of soil blowing is very severe. 

Most areas are cultivated; some are used for pas- 


. ture and hay. This soil is suited to grain crops, grasses, 


and legumes. Soil blowing, surface runoff, and wet- 
ness in swales are the main concerns of management. 
Capability unit IIIe~8M; windbreak suitability group 
1 


Towner-Dickey fine sandy loams reals soils are 
nearly level and are on sand-mantled glacial till. Tow- 
ner soils are in plane and concave positions and make 
up about 50 percent of the mapping unit. Dickey soils 
are in convex positions and make up about 30 percent. 

Included with these soils in mapping are small areas 
of Heimdal soils and Maddock soils in convex positions. 
Also included are areas of Emrick soils and Hecla 
soils in flat and concave positions and Hamar soils 
and Kratka soils in shallow swales. These soils have 
been reworked to some extent by soil blowing in some 
areas, 

Surface runoff is slow, and water ponds in swales. 
The hazard of soil blowing is very severe. 

Most areas are cultivated; some are used for pas- 
ture and hay. These soils are suited to grain crops, 
grasses, and legumes. Soil blowing and wetness in 
swales are the main concerns of management. Capa- 
bility unit IIIe-3M; Towner soil is in windbreak 
suitability group 1, Dickey soil is in windbreak suit- 
ability group 5. 


Vallers Series 


The Vallers series consists of deep, nearly level, 
poorly drained, calcareous soils that formed in medium- 
textured and moderately fine textured glacial till. These 
soils are in depressions and drainageways on glacial 
till plains. 

In a representative profile the surface layer is dark- 
gray loam about 8 inches thick. The substratum is 
42 inches thick and has an accumulation of lime in the 
upper 28 inches. The upper 11 inches is mottled, varie- 
gated gray and light-gray, friable clay loam. Below 
this is 6 inches of light-gray loam. The next 11 inches 
is mottled white loam and then 4 inches of mottled 
light-gray loam. The next 6 inches is mottled, gray 
loam. The lowermost 4 inches is mottled olive loam. 

Permeability is moderately slow, and the available 
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water capacity is high. The organic-matter content is 
high, and fertility is medium. The water table is within 
3 feet of the surface most of the year and at or near 
the surface in spring and early in summer. Drains are 
difficult to install because outlets generally are not 
available. 

These soils are suited to grasses and, where drained, 
to grain crops and legumes. 

Representative profile of Vallers loam, in a hay field, 
150 feet south and 120 feet west of the northeast cor- 
ner of sec. 16, T. 149 N., R. 67 W., Eddy County: 


A1l—0 to 8 inches, dark-gray (N 4/0) loam, black (10YR 
2/1) moist; moderate, medium, subangular blocky 
structure; slightly hard, friable, slighty sticky 
and slightly plastic; many roots; strongly effer- 
vescent; mildly alkaline; clear, smooth boundary. 

Clgca—8 to 19 inches, variegated gray and light-gray 
(N 5/0 and 7/0) and light yellowish-brown (10YR 
6/4) clay loam, dark gray and light gray (N 4/0 
and 6/0) and yellowish brown (1OYR 5/4) moist; 
weak, medium, platy subangular blocky and crumb 
structure; hard, friable, sticky and plastic; com- 
mon roots; violently effervescent; moderately al- 
kaline; gradual, wavy boundary. 

C2gea—-19 to 25 inches, light-gray (N 6/0) loam, gray 
(5Y 5/1) moist; weak, fine, granular structure; 
hard, friable, slightly sticky and slighty plastic; few 
roots; few pebbles; violently effervescent; mod- 
erately alkaline; gradual, wavy boundary. 

C3gea—25 to 36 inches, white (N 8/0) loam, light gray 
(5Y 6/1) moist; few, fine, distinct, dark yellowish- 
brown (1OYR 4/4, moist) mottles; massive; hard, 
friable, slightly sticky and slightly plastic; few 
roots; violently effervescent; moderately alkaline; 
gradual, wavy boundary. 

C4g—36 to 40 inches, light-gray (5Y 6/1) loam, gray 
(5Y 5/1) moist; many, coarse, distinct, yellowish- 
brown (10YR 5/4, moist) mottles; massive; hard, 
firm, slightly sticky and slightly plastic; few roots; 
strongly effervescent; moderately alkaline; grad- 
ual, wavy boundary. 

C5g—40 to 46 inches, gray (5Y 5/1) loam, dark gray 
(5Y 4/1) moist; many, coarse, distinct, yellowish- 
brown (10YR 5/4, moist) mottles; massive; hard, 
firm, slightly sticky and slightly plastic; strongly 
effervescent; mildly alkaline; clear, wavy bound- 


ary. 

C6g—46 to 60 inches, olive (SY 5/3) loam, olive (5Y 4/3) 
moist; many, medium, distinct, yellowish-brown 
(1OYR 5/4, moist) mottles; massive; hard, firm, 
slightly sticky and slightly plastic; strongly ef- 
fervescent; mildly alkaline. 


The A horizon ranges from 8 to 14 inches in thickness. 
Tt is very dark gray or dark-gray loam, silt loam, or clay 
loam. Typically, the A horizon is caleareous and has an 
accumulation of lime in the lower part, but it is noncal- 
careous in some places. The Cea horizon ranges from 8 
to 80 inches in thickness. It is gray, light-gray, or white 
loam or clay loam. The C horizon is mottled, light-gray, 
gray, or olive loam or clay loam. In most places pebbles 
are few to common throughout the profile, and in some 
places stones are on the surface. In some places gypsum 
and soluble salts are in the lower part of the A horizon and 
upper part of the C horizon; they adversely affect plant 
growth. 

Vallers soils are adjacent to Fram, Hamerly, Parnell, 
and Tonka soils in many places. They are not so well 
drained as Fram soils and Hamerly soils. They have an 
accumulation of lime that is closer to the surface than 
Parnell and Tonka soils, and they lack a B horizon, which 
is a characteristic of Parnell soils and Tonka soils. 


Vallers loam {Va).—-This soil is nearly level and is 
in depressions and drainageways on glacial till plains. 
Included with this soil in mapping are small areas 
of Fram soils and Hamerly soils in slightly higher 


positions and Parnell soils and Tonka soils in slightly 
lower positions. Also included are small areas of saline 
and claypan soils. Soils in many cultivated areas have 
a lighter colored surface layer. 

Surface runoff is very slow, and water ponds in some 
areas. Tillage is often delayed because of wetness. The 
hazard of soil blowing is severe. 

Some areas are cultivated; others are used for pas- 
ture and hay. These soils are suited to grasses and, 
where drained, to grain crops and legumes. Wetness 
and soil blowing are the main concerns of manage- 
ment. sonny unit I]w-4L; windbreak suitability 
group 2. 


Vang Series 


The Vang series consists of moderately deep, nearly 
level, well-drained soils that formed in medium- 
textured glaciofluvial deposits over coarse textured 
shaly glaciofluvial deposits. These soils are in slight 
depressions on glacial outwash plains. 

In a representative profile the surface layer is very 
dark gray loam about 12 inches thick. The subsoil is 
dark grayish-brown, friable loam about 6 inches thick. 
The substratum is 42 inches thick. The upper 15 inches 
is light brownish-gray loam that has an accumulation 
of lime in the lower 9 inches. The lowermost 27 inches 
is grayish-brown stratified shaly gravel and sand. 

Permeability is moderate in the surface layer, the 
subsoil], and in the upper part of the substratum, It is 
very rapid in the lower part of the substratum. The 
available water capacity is moderate. The organic- 
matter content is high, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Vang loam, in a cultivated 
field, 800 feet south and 550 feet west of the north- 
east corner of sec. 30, T. 151 N., R. 64 W., Benson 
County: 


Ap—0 to 7 inches, very dark gray (10YR 8/1) loam, 
black (LOYR 2/1) moist; moderate, fine, granular 
structure; slightly hard, friable, slightly sticky 
and slightly plastic; many roots; slightly acid; 
abrupt, smooth boundary. 

Al—7 to 12 inches, very dark gray (10YR 3/1) loam, 
black (10YR 2/1) moist; moderate, medium and 
fine, subangular blocky structure; slightly hard, 
friable, slightly sticky and slightly plastic; com- 
mon roots; neutral; clear, wavy boundary. 

B2—12 to 18 inches, dark grayish-brown (10YR 4/2) loam, 
very dark grayish brown (10YR 3/2) moist; 
moderate, medium, prismatic structure parting to 
hard, friable, slightly sticky and. slightly plastic; 
few roots; few fragments of shale as large as 
10 millimeters; neutral; clear, wavy boundary. 

C1—18 to 24 inches, light brownish-gray (2.5¥ 6/2) loam, 
dark grayish brown (2.5Y 4/2) moist; weak, 
medium and fine, subangular blocky; slightly hard, 
friable, slightly sticky and slightly plastic; few 
roots; common pebbles as large as 4 millimeters 
and as large as 15 millimeters; slightly efferves- 
cent; mildly alkaline; clear, wavy boundary. 

C2ca—24 to 33 inches, light brownish-gray (2.5Y 6/2) 
loam, dark grayish brown (2.5Y 4/2) moist; mas- 
sive; slightly hard, friable, slightly sticky and 
slightly plastic; common pebbles and fragments of 
shale as large as 4 millimeters and few as large 
as 15 millimeters; violently effervescent; mildly 
alkaline; abrupt, smooth boundary. 

ITC1—33 to 46 inches, grayish-brown (2.5Y 5/2) shaly 
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gravel, dark grayish brown (2.5Y 4/2) moist; 
single grained; loose, nonsticky and nonplastie; 
slightly effervescent; mildly alkaline; clear, wavy 
boundary. 

IIC2—46 to 60 inches, grayish-brown (2.5Y 5/2) shaly 
sand and gravel; dark grayish brown (2.5Y 4/2) 
moist; single grained; loose, nonsticky and non- 
plastic; slightly effervescent; mildly alkaline. 


Depth to the shaly sand and gravel substratum ranges 
from 20 to 40 inches. The A horizon ranges from 6 to 12 
inches in thickness. It is very dark gray and dark gray. 
The B horizon ranges from 6 to 16 inches in thickness. 
It is dark grayish brown or grayish brown. It has weak 
or moderate prismatic structure that parts to weak or 
moderate subangular blocky structure. The C horizon ranges 
from 0 to 16 inches in thickness. It is light brownish gray or 
grayish brown. It contains an accumulation of lime in 
some places. 

The IIC horizons are typically stratified shaly sand and 
gravel, but they are granitic sand and gravel in some 
places. In some profiles, lime has accumulated in the upper 
part of the IIC horizon, and lime coats the underside of 
pebbles in one or more of the IIC horizons. 

Vang soils are adjacent to Brantford, Kensal, and Tolna 
soils in many places. They are deeper to the sand and 
gravel substratum than Brantford and Kensal soils, and 
they are better drained than Tolna and Kensal soils. 


Vang loam (Vn)|— This soil is nearly level and is in 
slight depressions on shaly glacial outwash plains. 

Included with this soil in mapping are small areas 
of Brantford, Gardena, and Kensal soils in positions 
similar to those of Vang soils. Also included are small 
areas of Vang soils that have a slope of 3 to 6 percent. 

Surface runoff is slow, and water ponds in slight 
depressions. The hazard of soil blowing is slight. 

Most areas are cultivated; some are used for pasture 
and hay. This soil is suited to grain crops, grasses, 
and legumes. Wetness in depressions and soil blowing 
are the main concerns of management. Capability unit 
IIs—6; windbreak suitability group 3. 


Venlo Series 


The Venlo series consists of deep, nearly level, very 
poorly drained soils that formed in coarse-textured gla- 
ciofluvial deposits. These soils are in depressions on 
glacial outwash plains. 

In a representative profile the surface layer is very 
dark gray sandy loam in the upper 7 inches and mot- 
tled, dark-gray loamy sand in the lower 8 inches. The 
substratum is 45 inches thick. The upper 6 inches is 
mottled, gray loose loamy sand. The next 8 inches is 
mottled, gray sand. The 8 inches below that is dark- 
ey sandy loam. The lowermost 28 inches is gray 
sand. 

Permeability is rapid, and the available water ca- 
pacity is low. The organic-matter content is moderate, 
and fertility is medium. The water table is within 3 
feet of the surface most of the year, and it is at or 
near the surface in spring and early in summer. Drains 
are difficult to install because outlets are not generally 
available. 

These soils are suited to grasses. 

Representative profile of Venlo sandy loam, in a hay 
field, 1,300 feet north and 500 feet west of the south- 
east corner of sec. 4, T, 150 N., R. 68 W., Eddy County: 

Ail—0 to 7 inches, very dark gray (N 3/0) sandy loam, 


black (N 2/0) moist; weak, medium and_ fine, 
subangular blocky structure; soft, very friable, 


slightly sticky and slightly plastic; many roots; 
medium acid; gradual, smooth boundary. 

Al12—7 to 15 inches, dark-gray (5Y 4/1) moist; many, 
fine, faint, very dark-brown (10YR 2/2, moist) 
mottles; weak, fine, subangular blocky structure; 
soft, very friable, slightly sticky and nonplastic; 
common roots; slightly acid; clear, smooth bound- 


ary. 

Clg—i5 to 21 inches, gray (5Y 6/1) loamy sand, dark 
gray (5Y 4/1) moist; common, fine, faint, very 
dark-brown (LOYR 2/2, moist) mottles; very weak, 
fine, subangular blocky structure and single 
grained; loose, slightly sticky and nonplastic; few 
roots; neutral; gradual, smooth boundary. 

C2e—21 to 24 inches, gray (5Y 6/1) sand, dark gray 
(5Y '4/1) moist; common, fine, faint, grayish- 
brown (10YR 5/2, moist) mottles; single grained; 
loose, nonsticky and nonplastic; neutral; clear, 
smooth boundary. 

TIAb—24 to 32 inches, dark-gray (5Y 4/1) sandy loam, 
very dark gray (5Y 3/1) moist; weak, medium, 
subangular blocky structure; soft, very friable, 
slightly sticky and slightly plastie; neutral; clear, 
smooth boundary. 

IiCg—-32 to 60 inches, gray (5Y 6/1) sand, dark gray 
(5Y 4/1) moist; single grained; loose, nonsticky 
and nonplastic; mildly alkaline. 

The A horizon ranges from 10 to 20 inches in thickness. 

It is dark-gray or very dark gray sandy loam or loamy 

sand. The C horizon is mottled, gray, light-gray, light 

olive-gray, or light greenish-gray loamy sand or sand. 

Some profiles have a buried A horizon of dark-gray sandy 

loam. Typically, the soil material is nonealcareous, but it 

is slightly calcareous in the lower profile in a few areas. 
Venlo soils are adjacent to Arveson, Fossum, and Hamar 

soils in many places, and all have similar profile character- 

istics. They lack the prominent accumulation of lime within 

16 inches of the surface, which is a characteristic of 

Arveson soils. They lack lime, which is a characteristic 

of Fossum soils. They are more poorly drained than Hamar 

soils. 
_ Venlo sandy loam (Vo}.—This soil is nearly level and 
is in depressions on glacial outiwash plains. 

Included with this soil in mapping are small areas of 
Arveson soils and Fossum soils in positions similar 
to those of Venlo soils. Also included are small areas 
of Hamar, Wyndmere, and Wyrene soils in slightly 
higher positions. In some areas this soil has been re- 
worked to some extent by soil blowing. 

Surface runoff is ponded. The hazard of soil blowing 
is very severe in areas where the soil is drained and 
vegetation is destroyed. 

Most areas are used for pasture and hay; some are 
cultivated along with the adjoining, better drained 
soils. This soil is better suited to grasses than to most 
other uses. Wetness is the main concern of manage- 
ment. Capability unit Vw-8; windbreak suitability 
group 2. 


Wahpeton Series 


The Wahpeton series consists of deep, nearly level, 
moderately well drained soils that formed in fine- 
textured alluvial sediment. These soils are on levees of 
the Sheyenne River. 

In a representative profile the surface layer is about 
26 inches thick. It is dark-gray silty clay in the upper 
21 inches and gray clay in the lower 5 inches, The sub- 
stratum is firm clay 34 inches thick. The upper 20 
inches is gray, the next 9 inches is dark gray, and the 
lowermost 5 inches is gray. 

Permeability is moderate, and the available water 


98 SOIL SURVEY 


capacity is high. The organic-matter content is high, 
and fertility is high. Some flooding occurs in spring 
and during periods of heavy rainfall in summer, 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Wahpeton silty clay, in a 
cultivated field, 800 feet south and 1,500 feet west 
of the northeast corner of the SEY sec. 24, T. 149 N., 
R. 59 W., Nelson County: 


Ap—0 to 7 inches, dark-gray (10YR 4/1) silty clay, black 
(10YR 2/1) moist; moderate, medium, subangular 
blocky structure parting to strong, fine, granular; 
hard, firm, sticky and plastic; many roots; slightly 
acid; abrupt, smooth boundary. 

A12—7 to 17 inches, dark-gray (N 4/0) silty clay, black (N 
2/0) moist; moderate, medium, prismatic structure 

arting to strong, very fine, angular blocky; very 
Rare, firm, sticky and plastic; common roots; neu- 
tral; clear, wavy boundary. 

A138—17 to 21 inches, dark-gray (N 4/0) silty clay, very 
dark gray (N 3/0) moist; weak, coarse, pris- 
matic structure parting to moderate, medium, an- 
gular blocky; very hard, firm, sticky and plastic; 
few roots; neutral; clear, irregular boundary. 

Al4—21 to 26 inches, gray (5Y 5/1) clay, very dark 
gray (5Y 3/1) moist, coarse, prismatic structure 
parting to moderate, medium, subangular blocky; 
very hard, firm, very sticky and very plastic; 
black organic coats on faces of prisms; slightly 
effervescent; mildly alkaline; clear, irregular 
boundary. 

C1—26 to 85 inches, gray (5Y 6/1 and 5/1) clay, dark 
gray and very dark gray (5Y 4/1 and 3/1) moist; 
massive; very hard, firm, very sticky and very 
plastic; many, fine, distinct, segregations of white 
lime; strongly effervescent; mildly alkaline; clear, 
smooth boundary. 

C2—35 to 46 inches, gray (5Y 5/1) clay, very dark gray 
(5Y 3/1) moist; massive; very hard, firm, very 
sticky and very plastic; common, medium, distinct, 
segregations of white lime; strongly effervescent; 
mildly alkaline; clear, smooth boundary. 

ITAb—-46 to 55 inches, dark-gray (5Y 4/1) clay, very 
dark gray (5Y 3/1) moist; massive; very hard, 
firm, very sticky and very plastic; common, medium, 
distinct, segregations of white lime; strongly ef- 
fervescent; mildly alkaline; clear smooth boundary. 

TIC—55 to 60 inches, gray (5Y 6/1) clay, very dark gray 
(5Y 3/1) moist; massive; very hard, firm, very 
sticky and very plastic; common, medium, distinct, 
segregations of white lime; strongly effervescent; 
mildly alkaline. 


The A horizon ranges from 16 to 30 inches in thickness. 
It is dark gray or very dark gray. Below the plow layer 
the A horizon has strong to moderate blocky structure. 
The C horizon is light gray or gray. Most profiles have a 
buried A horizon. The C horizon is calcareous, and lime has 
accumulated in the upper part in some places. Segregations 
of salt and gypsum crystals are in the lower part of the 
C horizon in some places. 

Wahpeton soils are adjacent to La Prairie, Ludden, and 
Ryan soils in many places. They formed in finer sediment 
than La Prairie soils.. They lack the accumulation of lime 
within 16 inches of the surface, which is a characteristic 
of Ludden soils. They lack the alkaline B2 horizon, which 
is a characteristic of Ryan soils. 


Wahpeton silty clay (Wa)—This soil is nearly level 
and is on levees of the Sheyenne River. 

Included with this soil in mapping are small areas 
of La Prairie soils in positions similiar to those of 
Wahpeton soils. Also included are small areas of Lud- 
den soils in slightly lower positions. 

Surface runoff is slow. Tillage is often delayed be- 
cause of wetness. The hazard of soil blowing is severe. 

Most areas are cultivated; a few areas are in pasture 


and hay. This soil is suited to grain crops, grasses, 
and legumes. Wetness and soil blowing are the main 
concerns of management. Capability unit IIs—4; wind- 
break suitability group 1. 


Walsh Series 


The Walsh series consists of deep, nearly level to 
sloping, moderately well drained and well drained soils. 
They formed in medium-textured and moderately fine 
textured glaciofluvial-colluvial deposits. These soils are 
on foot slopes and fans in the Sheyenne River Valley. 

In a representative profile the surface layer is very 
dark gray loam about 19 inches thick. The subsoil is 
dark grayish-brown, friable heavy loam about 11 inches 
thick. The substratum is 80 inches thick. The upper 
16 inches is variegated light brownish-gray and white 
loam that has an accumulation of lime. Below this is 
8 inches of variegated gray and white loam. The lower- 
most 6 inches is light brownish-gray loam. 

Permeability is moderate, and the available water 
capacity is high. The organic-matter content is high, 
and fertility is medium. 

These soils are suited to grasses, grain crops, and 
legumes. 

Representative profile of Walsh loam, 8 to 6 percent 
slopes, in a pasture, 1,300 feet north and 210 feet west 
of the southeast corner of sec. 21, T. 150 N., R. 62 W,, 
Eddy County: 


A1—0O to 19 inches, very dark gray (10YR 8/1) loam, black 
(LOYR 2/1) moist; moderate, coarse, prismatic 
structure parting to moderate, medium and fine, 
subangular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; many roots; slightly 
acid; clear, smooth boundary. 

B2—19 to 30 inches, dark grayish-brown (2.5Y 4/2) heavy 
loam, very dark grayish brown (2.5Y 8/2) moist; 
moderate, medium, prismatic structure parting to 
moderate, medium, subangular blocky; hard, fri- 
able, slightly sticky and slightly plastic; common 
roots; neutral; clear, smooth boundary. 

Clca—30 to 46 inches, variegated light brownish-gray 
and white (2.5Y 6/2 and N 8/0) loam, dark gray- 
ish brown and light gray (2.5Y 4/2 and 7/2) 
moist; massive; slightly hard, friable, slightly 
sticky and slightly plastic; few roots; few frag- 
ments of shale; violently effervescent; mildly al- 
kaline; gradual, smooth boundary. 

C2—46 to 54 inches, variegated gray and white (5Y 5/1 
and N 8/0) loam, very dark grayish brown and 
light gray (2.5Y 8/2 and 7/2) moist; massive; 
hard, friable, slightly sticky and slightly plastic; 
few fragments of shale; strongly effervescent; 
mildly alkaline; gradual, smooth boundary. 

C38—54 to 60 inches, light brownish-gray (2.5Y 6/2) loam, 
olive brown (2.5Y 4/4) moist; massive; hard, 
friable, slightly sticky and_ slightly plastic; 
strongly effervescent; mildly alkaline. 


The A horizon ranges from 8 to 20 inches in thickness. 
It is very dark gray and dark-gray loam, silt loam, or 
clay loam. The B horizon ranges from 10 to 20 inches in 
thickness. It is dark grayish-brown, grayish-brown, or 
olive-gray loam, silt loam, or clay loam. The C horizon is 
light brownish-gray, grayish-brown, olive-gray, or light 
olive-gray loam, silt loam, or clay loam. It is commonly 
nonealcareous. Lime has accumulated in the upper part 
of the C horizon in some places. In a few places shaly 
sand and gravel or weathered shale are below a depth 
of 40 inches. 

Walsh soils are adjacent to Edgeley, La Prairie, and 
Vang soils in many places. All these soils have similar 
profile characteristics. Walsh soils are deeper than Edgeley 
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and Vang soils. They have a B horizon, which La Prairie 
soils do not have. 

Walsh Ioam, 3 to 6 percent slopes (WbB).—This soil 
is on foot slopes and fans in the Sheyenne River 
Valley. Most areas are below steep slopes of bedded 
shale or shaly sand and gravel, but a few areas are 
below steep slopes of glacial till. This soil has the pro- 
file described as representative of the series. 

Included with this soil in mapping are small areas of 
Edgeley, Svea, and Vang soils on the upper part of the 
slopes and areas of La Prairie soils on the lower part. 

Surface runoff is medium. This soil receives run- 
off from adjacent steeper slopes. Wet spots, springs, 
and drainage channels are present in, some areas. The 
hazard of soil blowing is slight. 

Most areas are cultivated or are in hay. Areas that 
are not large enough to be economical or that are 
dissected by channels are used for pasture or are left 
idle. This soil is suited to grain crops, grasses, and 
legumes. Surface runoff and soil blowing are the main 
concerns of management. Capability unit IIe-6; 
windbreak suitability group 1. 

Walsh loam, 6 to 9 percent slopes (WbC).—This soil 
is on foot slopes and fans in the Sheyenne River Valley. 
Most areas are below steep slopes of bedded shale or 
shaly sand and gravel. A few are below steep slopes 
of glacial till. 

Included with this soil in mapping are small areas 
of Barnes, Edgeley, and Vang soils on the upper part 
of side slopes. Also included are a few small areas of 
soils that have slopes of 9 to 12 percent. 

Surface runoff is rapid. This soil receives runoff 
from adjacent steeper slopes. Wet spots, springs, and 
drainage channels are in some areas. The hazard of 
soil blowing is slight. 

Most areas are cultivated or are in hay. Areas that 
are not large enough to be economical or that are 
dissected by channels are used for pasture or are left 
idle. This soil is suited to grain crops, grasses, and 
legumes if protective measures are used. Surface run- 
off and soil blowing are the main concerns of manage- 
ment. Capability unit IIIe-6; windbreak suitability 
group 1. 

Walsh clay loam, 0 to 3 percent slopes (WcA).—This 
soil is on foot slopes and fans in the Sheyenne River 
Valley. Most areas are below steep slopes of bedded 
shale or shaly sand and gravel. A few are below steep 
slopes of glacial till. This soil has a profile similar to 
the one described as representative of the series, but 
the surface layer is clay loam. 

Included with this soil in mapping are small areas 
of Edgeley, Svea, and Vang soils near the base of 
steep slopes and La Prairie soils along the edge of the 
fans. Also included are small areas of Walsh soils that 
have a surface layer of loam. 

Surface runoff is slow. This soil receives runoff from 
ora steeper slopes. The hazard of soil blowing is 
slight. 

Most areas are cultivated or are in hay. Areas that 
are not large enough to be economical or that are 
dissected by channels are used for pasture or are left 
idle. This soil is suited to grain crops, grasses, and 
legumes. Soil blowing is the main concern of manage- 
ment. Capability unit IIc-6; windbreak suitability 
group 1. 


Walsh clay loam, 3 to 6 percent slopes (WcB}.—This 

soil is on foot slopes and fans in the Sheyenne River 
Valley. Most areas are below steep slopes of bedded 
shale. or shaly sand and gravel. A few are below steep 
slopes of glacial till. The soil has a profile similar to 
the one described as representative of the series, but 
the surface layer is clay loam. 
’ Ineluded with this soil in mapping are small areas 
of Edgeley, Svea, and Vang soils on the upper part of 
the slopes and areas of La Prairie soils on the lower 
part. 

Surface runoff is medium. This soil receives runoff 
from adjacent steeper slopes. Wet spots, springs, and 
drainage channels are present in some areas. The haz- 
ard of soil blowing is slight. 

Most areas are cultivated or are in hay. Areas that 
are not large enough to be economical or that are 
dissected by channels are used for pasture or are left 
idle. This soil is suited to grain crops, grasses, and 
legumes. Surface runoff and soil blowing are the main 
concerns of management. Capability unit Ife—6; wind- 
break suitability group 1. 

Walsh clay loam, 6 to 9 percent slopes (WcC|—This 
soil is on foot slopes and fans in the Sheyenne River 
Valley. Most areas are below steep slopes of bedded 
shale or shaly sand and gravel. A few are below steep 
slopes of glacial till. This soil has a profile similar to 
the one described as representative of the series, but 
the surface layer is clay loam. 

Included with this soil in mapping are small areas 
of Barnes, Edgeley, and Vang soils on the upper part 
of the slopes. Also included are small areas of soils 
that have slopes of as much as 12 percent. 

Surface runoff is rapid. This soil receives runoff 
from adjacent steeper slopes. Wet spots, springs, and 
drainage channels are present in some areas. The haz- 
ard of soil blowing is slight. 

Most areas are cultivated or are in hay. Areas that 
are not large enough to be economical or that are 
dissected by channels are used for pasture or are left 
idle. This soil is suited to grain crops, grasses, and 
legumes if protective measures are used. Surface run- 
off and soil blowing are the main concerns of manage- 
ment. Capability unit IIIe-6; windbreak suitability 
group 1. 


Walum Series 


The Walum series consists of moderately deep, 
nearly level, moderately well drained soils that formed 
in moderately coarse textured glaciofluvial deposits 
overlying coarse textured shaly glaciofluvial deposits. 
These soils are on glacial outwash plains that contain 
a high percentage of shale. 

In a representative profile the surface layer is very 
dark gray sandy loam about 6 inches thick. The sub- 
soil is mottled, dark-gray, friable sandy loam about 
10 inches thick. The substratum is 44 inches thick. The 
upper 8 inches is mottled, light brownish-gray loamy 
sand. Below this is 6 inches of light brownish-gray 
loamy sand that has an accumulation of lime. The 
next 10 inches is light-gray shaly sand. The lower- 
most 20 inches is variegated light-gray, light brownish- 
gray, and grayish brown stratified shaly sand and 
gravel. 
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Permeability is moderately rapid in the surface layer 
and subsoil and very rapid in the substratum. The 
available water capacity is low. The organic-matter 
content is moderate, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Walum sandy loam, in a 
cultivated field, 150 feet south and 500 feet east of the 
center of sec. 11, T, 149 N., R. 65 W., Eddy County: 


Ap—O0 to 6 inches, very dark gray (10YR 3/1) sandy 
loam, black (10YR 2/1) moist; moderate, medium, 
subangular blocky structure parting to moderate, 
fine, granular; slightly hard, friable, slightly sticky 
and slightly plastic; many roots; few pebbles as 
large as 10 millimeters; neutral; abrupt, smooth 
boundary. 

B2—6 to 16 inches, dark-gray (10YR 4/1) sandy loam, 
very dark grayish brown (10YR 3/2) moist; few, 
fine, distinct, yellowish-brown (10YR 5/4, moist) 
and dark yellowish-brown (10YR 4/4, moist) mot- 
tles; moderate, coarse and medium, prismatic 
structure parting to moderate, coarse and medium, 
angular blocky; hard, friable, slightly sticky and 
slightly plastic; common roots; few fragments of 
shale as large as 10 millimeters; thin organic 
stains on faces of prisms; tongues of Al horizon 
extend as far as 6 inches into this horizon; neu- 
tral; gradual, wavy boundary. 

TIIC1—16 to 24 inches, light brownish-gray (2.5Y 6/2) 
loamy sand, dark grayish brown (2.5Y 4/2) 
moist; common, medium, distinct, yellowish-brown 
(10YR 5/4, moist) and dark yellowish-brown (10YR 
4/4, moist) and few, fine, prominent, black (1OYR 
2/1, moist) mottles; very weak, coarse, prismatic 
and subangular blocky structure parting to single 
grained; soft, very friable, slightly sticky and 
nonplastic; few roots; few fragments of shale as 
mildly alkaline; clear, wavy boundary. 

IIC2ca—24 to 380 inches, light brownish-gray (2.5Y 6/2) 
loamy sand, olive gray (5Y 5/2) moist; very weak, 
coarse, prismatic structure parting to single 
grained; soft, very friable, slightly sticky and 
slightly plastic; few roots; few fragments of shale 
as large as 20 millimeters; common segregations 
of white lime; violently effervescent; moderately 
alkaline; clear, wavy boundary. 

TIC3—80 to 40 inches, light-gray (2.5¥ 7/2) shaly sand, 
grayish brown (2.5Y 5/2) moist; single grained; 
loose, nonsticky and nonplastic; few fragments 
of shale as large as 20 millimeters; few segre- 
gations of white lime; strongly effervescent; mod- 
erately alkaline; clear, wavy boundary. 

IIC4—40 to 60 inches, variegated light-gray, light 
brownish-gray, and grayish-brown (2,5Y 7/2, 6/2, 
and 5/2) stratified shaly sand and gravel; grayish 
brown and dark grayish brown (2.5Y 5/2 and 4/2) 
moist; single grained; loose, nonsticky and non- 
plastic; few granitic pebbles as large as 50 milli- 
meters; lime coats on underside of pebbles; slightly 
effervescent; moderately alkaline. 


Depth to the sand and gravel ranges from 14 to 25 
inches. The A horizon ranges from 5 to 10 inches in 
thickness. It is very dark gray or dark gray. The B 
horizon ranges from 5 to 14 inches in thickness. It is dark 
gray, grayish brown, or light brownish gray. The B 
horizon has moderate or weak prismatic structure. Organic 
coatings are on the faces of prisms in the B horizon in 
most places. 

The IIC horizons are typically stratified shaly sand and 
gravel, but they are granitic sand and gravel in some places. 
A layer of loamy sand is in the upper part of the IIC hori- 
zon in most places. Lime has accumulated in the upper part 
of the IIC horizon in most places, and lime coats the under- 
side of pebbles in one or more of the TIC horizons. 

Walum soils are adjacent to Binford, Tolna, and Vang 
soils in many places, They have mottling in the B horizon, 
which Binford soils do not have. They are better drained 
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than Tolna soils. They are not so deep to sand and gravel 
as Vang soils. 

Walum sandy loam (Wd).—This soil is nearly level 
and is on glacial outwash plains. It has the profile 
described as representative of the series. Content of 
gravel in the substratum is less than 40 percent by 
volume. 

Included with this soil in mapping are small areas 
of Walum soils that have a substratum containing 
more than 40 percent gravel. Binford soils in positions 
similar to those of Walum soils are also included, as 
are Tolna soils in depressions that are identified on 
the soil map by a diamond symbol. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is very severe. 

Most areas are cultivated. Some are used for pasture 
and hay. This soil is suited to grain crops, grasses, 
and legumes. Soil blowing and droughtiness caused by 
the low available water capacity are the main con- 
cerns of management, Capability unit IIIes—8; wind- 
break suitability group 1. 

Walum sandy loam, gravelly substratum (We}.—This 
soil is nearly level and is on glacial outwash plains. 
It has a profile similar to the one described as repre- 
sentative of the series, but the substratum contains 
more than 40 percent gravel by volume. 

Included with this soil in mapping are small areas 
of Walum soils that contain less than 40 percent gravel, 
areas of Binford soils in positions similar to those of 
Walum soils, and small areas of Tolna soils in depres- 
sions that are identified on the soil map by a diamond 
symbol. 

Surface runoff is slow, and water ponds in depres- 
sions. The hazard of soil blowing is very severe. 

Most areas are cultivated. Some are used for pas- 
ture and hay. This soil is suited to grain crops, grasses, 
and legumes. Soil blowing and droughtiness caused 
by the low available water capacity are the main con- 
cerns of management. Capability unit IITes-3; wind- 
break suitability group 1. 


Warsing Series 


The Warsing series consists of shallow, nearly level, 
moderately well drained soils that formed in medium- 
textured glaciofluvial deposits overlying coarse- 
textured glaciofluvial deposits. These soils are on glacial 
outwash plains. 

In a representative profile the surface layer is very 
dark gray loam about 7 inches thick. The subsoil is 
friable loam about 8 inches thick that is dark grayish 
brown in the upper 6 inches and mottled grayish 
brown below that. The substratum is 45 inches thick. 
The upper 8 inches is variegated light-gray and white 
loam that has an accumulation of lime. Below that is 
6 inches of hght brownish-gray sand and gravel that 
has an accumulation of lime. The lowermost 36 inches 
is variegated pale-brown and very pale brown sand 
and gravel. 

Permeability is moderately rapid in the surface 
layer and subsoil and very rapid in the substratum. 
The available water capacity is low. The organic- 
matter content is moderate, and fertility is medium. 

These soils are suited to grain crops, grasses, and 
legumes. 
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Representative profile of Warsing loam, in a culti- 
vated field, 1,000 feet south and 700 feet east of the 
northwest corner of the SWI!4, sec. 25, T. 150 N., R. 
66 W., Eddy County: 


Ap—0 to 7 inches, very dark gray (10YR 3/1) loam, 
black (10YR 2/1) moist; moderate, medium and 
very fine, subangular blocky structure; slightly 
hard, friable, slightly sticky and slightly plastic; 
many roots; neutral; few pebbles as large as 
30 millimeters; neutral; abrupt, smooth boundary. 

B21—7 to 13 inches, dark grayish-brown (10YR 4/2) loam, 
very dark brown (10YR 2/2) moist; moderate, 
coarse and medium, prismatic structure parting 
to moderate, medium and fine, angular blocky; 
hard, friable, slightly sticky and slightly plastic; 
common roots; thin, discontinuous, very dark gray 
(10YR 3/1, moist) organic stains on faces of 
prisms; few pebbles as large as 10 millimeters; 
neutral; gradual, wavy boundary. 

B22—13 to 15 inches, grayish-brown (2.5Y 5/2) loam, 
dark grayish brown (2.5 4/2) moist; few, fine, 
faint, yellowish-brown (10YR 5/4, moist) and 
light olive-brown (2.5Y 5/4, moist) mottles; mod- 
erate, coarse and medium, prismatic structure 
parting to moderate, medium, angular blocky; hard, 
friable, slightly sticky and slightly plastic; com- 
mon roots; few, thin, discontinuous organic stains 
on faces of prisms; few pebbles as large as 10 
millimeters; common threads of lime; strongly 
effervescent; mildly alkaline; clear, broken bound- 


ary. 

Clea—15 to 18 inches, variegated light-gray and white 
(2.5Y 7/2 and N 8/0) loam, grayish brown and 
light brownish gray (2.5Y 5/2 and 6/2) moist; 
weak, coarse, prismatic structure parting to mod- 
erate, very fine, angular blocky; hard, friable, 
sticky and slightly plastic; few roots; common 
soft accumulations of lime; violently effervescent; 
moderately alkaline; clear, wavy boundary. 

IIC2ca—18 to 24 inches, light brownish-gray (2.5Y 6/2) 
sand and gravel, olive brown (2.5Y 4/4) moist; 
single grained; loose, nonsticky and nonplastic; 
very few roots; lime coats on underside of pebbles; 
violently effervescent; moderately alkaline; clear, 
wavy boundary. 

TIC3—24 to 60 inches, variegated pale-brown and very 
pale brown (10YR 6/3 and 7/3) sand and gravel, 
olive brown (2.5Y 4/4) dark brown (10YR 4/8) 
moist; single grained; loose, nonsticky and non- 
plastic; lime coats on undersides of pebbles; 
strongly effervescent; moderately alkaline. 


Depth to the sand and gravel ranges from 10 to 20 
inches. The A horizon ranges from 5 to 10 inches in thick- 
ness. It is very dark gray or dark gray. The B horizon 
ranges from 6 to 16 inches in thickness. It is dark grayish 
brown, grayish-brown, or brown. The B horizon is mottled 
in the lower part and mottled throughout in some places. 
Organic stains are on the faces of prisms in most places. 
Lime has accumulated in the lower part of the B horizon 
in most places. 

The horizon ranges from 0 to 6 inches in thickness. 
It is variegated light gray, white, light brownish gray, or 
gray. The JIC horizons are typically stratified granitic 
sand and gravel but are shaly sand and gravel in some 
places. Lime has accumulated in the upper part of the 
IIC horizon in many places, and lime coats the underside 
of pebbles in most places. Glacial till is below a depth of 
40 inches in some places. 

Warsing soils are adjacent to Divide, Fordville, Osakis, 
and Renshaw soils in many places. All of these soils are 
underlain by coarse-textured deposits. Warsing soils have 
a B horizon which the Divide soils do not have. They 
have mottles in the B horizon, which the Fordville and 
Renshaw soils do not have. They contain less sand in the 
A and B horizons than Osakis soils. 


Warsing loam (W1).—This soil is nearly level and is 
on glacial outwash plains. It has the profile described 
as representative of the series. Content of gravel in 
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the substratum is 40 percent or more by volume, 

Included with this soil in mapping are small areas 
of Warsing soils that have a substratum that contains 
less than 40 percent gravel by volume, areas of Ren- 
shaw soils in positions similar to those of Warsing 
soils, and small areas of Divide soils in slightly lower 
positions. 

Surface runoff is slow. The hazard of soil blowing is 
slight. 

Most areas are cultivated; some are used for pas- 
ture and hay. This soil is suited to grain crops, grasses, 
and legumes. Soil blowing and droughtiness caused 
by the low available water capacity are the main con- 
cerns of management, Capability unit ITIs-6; wind- 
break suitability group 1. 

Warsing loam, sandy substratum (Wg).—This soil is 
nearly level and is on glacial outwash plains. It has 
a profile similar to the one described as representative 
of the series, but the substratum contains less than 
40 percent gravel by volume. 

Included with this soil in mapping are small areas 
of Warsing soils that have a substratum that con- 
tains more than 40 percent gravel by volume, areas of 
Renshaw soils in positions similar to those of Warsing 
soils, and small areas of Divide soils in slightly lower 
positions. 

Surface runoff is slow. The hazard of soil blowing is 
slight. 

Most areas are cultivated; some are used for pas- 
ture and hay. This soil is suited to grain crops, grasses, 
and legumes. Soil blowing and droughtiness caused by 
the low available water capacity are the main concerns 
of management, Capability unit IIIs-6; windbreak 
suitability group 1. 

Warsing loam, till substratum (Wm}.—This soil is 
nearly level and is on glacial outwash plains. It gen- 
erally is located adjacent to areas of glacial till. This 
soil has a profile similar to the one described as rep- 
resentative of the series, but glacial till is below a 
depth of 40 inches. 

Included with this soil in mapping are small areas 
of Emrick, Renshaw, and Warsing soils in positions 
similar to those of this soil. Also included are small 
areas of Divide soils in slightly lower positions. 

Surface runoff is slow. The hazard of soil blowing 
is slight. 

Most areas are cultivated; some are used for pasture 
and hay. This soil is suited to grain crops, grasses, and 
legumes. Soil blowing and droughtiness caused by the 
low available water capacity are the main concerns of 
management. Capability unit IIIs-6; windbreak suit- 
ability group 1. 


Wyard Series 


The Wyard series consists of deep, nearly level, 
somewhat poorly drained soils that formed in medium- 
textured and moderately fine textured glacial till. These 
soils are in shallow depressions and swales on glacial 
till plains. 

In a representative profile the surface layer is loam 
about 20 inches thick. It is dark gray in the upper 
10 inches and gray in the lower 10 inches. Below this 
is a layer of mottled, grayish-brown, friable loam about 
6 inches thick. The subsoil is mottled, light olive- 
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brown, friable loam about 6 inches thick. The sub- 
stratum is mottled, pale-yellow loam that has an 
accumulation of lime in the upper 10 inches. It is 
mottled, light yellowish-brown loam in the lower 18 
inches. 

Permeability is moderate, and the available water 
capacity is high. The organic-matter content is high, 
and fertility is medium. These soils receive runoff from 
the surrounding higher aveas in spring and during 
periods of heavy rainfall. 

These soils are suited to grasses and, if drained, to 
small grains and legumes. 

Representative profile of Wyard loam, in a cultivated 
field, 1,000 feet north and 200 feet east of the south- 
west corner of sec. 15, T. 148 N., R. 67 W., Eddy 
County: 


Ap—0 to 6 inches, dark-gray (10YR 4/1) loam, black 
(10YR 2/1) moist; weak, medium, subangular 
blocky structure parting to weak, medium, crumb; 
hard, friable, slightly sticky and slightly plastic; 
many roots; neutral; abrupt, smooth boundary. 

Al1—6 to 10 inches, dark-gray (10Y¥YR 4/1) loam, black 
(10YR 2/1) moist; moderate, coarse, prismatic 
structure parting to weak, medium, platy, and 
weak, coarse, subangular blocky; hard, friable, 
slightly sticky snd slightly plastic; many roots; 
few bleached sand grains on faces of peds; neu- 
tral; gradual, wavy boundary. 

A12—10 to 20 inches, gray (10YR 5/1) loam, black (10YR 
2/1) moist; very dark brown (10YR 2/2) moist 
rubbed; few, medium, distinct, yellowish-brown 
(10YR 5/4, moist) mottles; few, discontinuous 
light-gray (10YR 6/1) coatings of bleached sand 
and silt grains on faces of peds; moderate, coarse, 
prismatic structure parting to moderate, medium 
and fine, subangular blocky structure parting to 
moderate, medium, platy; hard, friable, slightly 
sticky and slightly plastic; many roots; neutral; 
clear, wavy boundary. 
B—20 to 26 inches, grayish-brown (2.5Y 5/2) 
loam, dark grayish brown (2.5Y 4/2) moist; com- 
mon, fine, distinct, yellowish-brown (1OYR 5/6, 
moist) mottles; moderate, coarse, prismatic struc- 
ture parting progressively to moderate, medium 
and fine, subangular blocky and weak, medium, 
platy; hard, friable, slightly sticky and slightly 
plastic; few roots; neutral; gradual, wavy bound- 
ary. 

B2—-26 to 32 inches, light olive-brown (2.5Y 5/4) loam, 
olive brown (2.5Y 4/4) moist; common, fine, dis- 
tinct, yellowish-brown (10YR 5/6, moist) mottles; 
moderate, coarse, prismatie structure parting to 
moderate, medium and fine, angular blocky; hard, 
friable, slightly sticky and slightly plastic; few 
roots; few pebbles; neutral; clear, wavy boundary. 

Ciea—32 to 42 inches, pale-yellow (2.5Y 7/3) loam, light 
olive brown (2.5Y 5/4) moist; few, medium, dis- 
tinct, light olive-brown (2.5Y 5/6, moist) mot- 
tles; weak, coarse, prismatic structure parting to 
weak, medium, subangular blocky structure part- 
ing to weak, medium, platy; hard, friable, slightly 
sticky and slightly plastic; few roots; few peb- 
bles; common masses of segregated lime; violently 
effervescent; moderately alkaline; gradual, wavy 
boundary. 
to 60 inches, light yellowish-brown (2.5Y 6/4) 
loam, olive brown (2.5Y 4/4) moist; few, medium, 
distinet, light olive-brown (2.5Y 5/6, moist) mot- 
tles; weak, medium, subangular blocky structure; 
hard, friable, slightly sticky and slightly plastic; 
few pebbles; few small masses of segregated lime; 
strongly effervescent; moderately alkaline. 


A and 


C2—42 


The A horizon ranges from 16 to 24 inches in thickness. 
It is gray or dark-gray silt loam or loam. The horizon 
below that, the A and B, ranges from 2 to 10 inches in 
thickness. It is mottled, gray or grayish-brown loam or 
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silt loam. The B2 horizon ranges from 6 to 10 inches in 
thickness. It is mottled, grayish-brown, brown, or light 
olive-brown loam or light clay loam. The C horizon is 
light brownish-gray, grayish-brown, pale-yellow, or light 
yellowish-brown loam or clay loam. It commonly is mot- 
tled and has an accumulation of lime in the upper part 
in most places. 

Wyard soils have profile characteristics similar to those 
of Emrick, Fram, Hamerly, Svea, and Tonka soils and are 
often adjacent to these soils in many places. They are not 
so well drained as Emrick soils and Svea soils. They have 
a B horizon, which Fram and Hamerly soils do not have. 
They lack the B2t horizon, which is a characteristic of 
Tonka soils. 


Wyard loam (Wn).—This soil is nearly level and is in 
shallow depressions and swales on glacial till plains. 

Included with this soil in mapping are small areas 
of Tonka soils in slightly lower positions and areas of 
Emrick, Fram, Hamerly, and Svea soils in slightly 
higher positions. 

Surface runoff is ponded. Wetness commonly limits 
tillage during the growing season. The hazard of soil 
blowing is slight. 

This soil is suited to grasses and, if drained, to small 
grains and legumes. Wetness is the main concern of 
management. Capability unit IIlw-—6; windbreak suit- 
ability group 1. 


Wyndmere Series 


The Wyndmere series consists of deep, nearly level, 
somewhat poorly drained, calcareous soils that formed 
in moderately coarse textured glaciofluvial deposits 
overlying coarse textured glaciofluvial deposits. These 
soils are in slight depressions on glacial outwash plains. 

In a representative profile the surface layer is sandy 
loam about 14 inches thick that is dark gray in the 
upper part and gray in the lower part. The next layer 
is gray, very friable sandy loam about 12 inches thick 
and has an accumulation of lime. The substratum is 
84 inches thick. The upper 10 inches is mottled, 
grayish-brown fine sand. Below this is 14 inches of 
variegated light-gray and light yellowish-brown sand. 
The lower 10 inches is mottled, light-gray sand. 

Permeability is moderately rapid, and the available 
water capacity is moderate. The organic-matter con- 
tent is moderate, and fertility is medium. The water 
table is within 5 feet of the surface most of the year 
and just below the surface in spring and early in sum- 
mer. Tillage is often delayed because of wetness. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Wyndmere sandy loam, in 
a native hay field, 600 feet south and 100 feet west 
of the northeast corner of the SE14, sec. 25, T. 148 N., 
R. 64 W., Eddy County: 


Ali—0 to 6 inches, dark-gray (10YR 4/1) sandy loam, 
black (10YR 2/1) moist; moderate, fine, subangu- 
lar blocky and granular structure; slightly hard, 
very friable, sticky and slightly plastic; many 
roots; strongly effervescent; moderately alkaline; 
clear, smooth boundary. 

Al2ca—6 to 14 inches, gray (N 6/0) sandy loam, very 
dark gray (10YR 3/1) moist; weak, coarse, pris- 
matic structure parting to weak, fine, subangular 
blocky; soft, very friable, sticky and slightly plas- 
tie; common roots; violently effervescent; mod- 
erately alkaline; gradual, smooth boundary. 

Cica--14 to 26 inches, gray (N 6/0) sandy loam, very 
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dark gray (2.5Y 8/1) moist; weak, coarse, pris- 
matic structure parting to weak, fine, subangular 
blocky; soft, very friable, sticky and slightly 
plastic; common roots; violently effervescent; mod- 
erately alkaline; clear, wavy boundary. 

TIC2—26 to 36 inches, grayish-brown (2.5Y 5/2) fine sand, 
dark grayish brown (2.5¥ 4/2) moist; common, 
fine, distinct, yellowish-brown (10YR 5/4, moist) 
and common, fine, prominent, black (10YR 2/1, 
moist) mottles; single grained; loose, nonsticky and 
nonplastic; few roots; moderately alkaline; clear, 
wavy boundary. 

IIC3—86 to 50 inches, variegated light-gray (2.5Y 7/2) 
and light yellowish-brown (10YR 6/4) sand, dark 
grayish brown (2.5Y 4/2) and dark yellowish 
brown (10YR 4/4) moist; single grained; loose, 
nonsticky and nonplastic; few roots in upper part; 
moderately alkaline; clear, wavy boundary. 

IfC4—50 to 60 inches, light-gray (2.5Y 7/2) sand, grayish 
brown (2.5Y 5/2) moist; common, medium, dis- 
tinct, yellowish-brown (1OYR 5/4, moist) and few, 
fine, prominent, black (10YR 2/1, moist) mottles; 
single grained; loose, nonsticky and nonplastic; 
moderately alkaline. 

The A horizon ranges from 6 to 14 inches in thickness. 
It is dark-gray or very dark gray or gray sandy loam, 
fine sandy loam, or loam. The A horizon typically is cal- 
careous and has an accumulation of lime in the lower part, 
but it is nonecaleareous in some places. The Cca horizon 
is dark-gray, gray, or Nene sty sandy loam, fine sandy 
loam or light loam. It is mottled in the lower part in 
some places. The IIC horizon is mottled, grayish brown, 
light olive brown, light gray, or light yellowish brown. 
Soluble salts, which adversely affect plant growth, have 
accumulated in the A horizon and Cca horizon in some 
places. Glacial till is below a depth of 40 inches in some 
places. 

Wyndmere soils are adjacent to Arveson, Fossum, Hamar, 
and Wyrene soils in many places. All of these soils formed 
in similar parent material. Wyndmere soils are not so 
poorly drained as Arveson soils and Fossum soils. They 
have an accumulation of lime directly beneath the surface 
layer, which Hamar soils do not have. They are underlain 
by finer sands than Wyrene soils. 


Wyndmere sandy loam (Wo}.—This soil is nearly level 
and is in slight depressions on outwash plains. It has 
the profile described as representative of the series. 

Included with this soil in mapping are small areas of 
Stirum, Hamar, and Wyrene soils in positions similar 
to those of Wyndmere soils, small areas of Arveson 
and Fossum soils in slightly lower positions, and 
areas of Clontarf, Hecla, and Lohnes soils in slightly 
higher positions. 

In some places the surface layer is fine sandy loam. 
Soils in many cultivated areas have a lighter colored 
surface layer. On about 5 percent of the acreage of 
this soil, soluble salts that adversely affect plant 
growth, have accumulated. 

Surface runoff is slow, and water ponds in low po- 
sitions. The hazard of soil blowing is very severe. 

Most areas are cultivated; some are used for pasture 
and hay. The soil is suited to grain crops, grasses, 
and legumes. Wetness and soil blowing are the main 
concerns of management. Capability unit IIIs-3; 
windbreak suitability group 1. 

Wyndmere sandy loam, till substratum (Wp).—This 
soil is nearly level and is in slight depressions on 
sand-mantled glacial till. It has a profile similar to the 
one described as representative of the series, but gla- 
cial till is below a depth of 40 inches. 

Included with this soil in mapping are small areas 
of Fram and Kratka soils in positions similar to those 
of Wyndmere soils. Also included are small areas of 
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Arveson and Fossum soils in slightly lower positions 
and Emrick, Hecla, and Swenoda soils in slightly 
higher positions. Soils in many cultivated areas have 
a lighter colored surface layer. On as much as 20 per- 
cent of the acreage, this soil in some areas has slopes 
of 3 to 6 percent. 

Surface runoff is slow, and water ponds in low po- 
sitions. The hazard of soil blowing is very severe. 

Most areas are cultivated; some are used for pasture 
and hay. This soil is suited to grain crops, grasses, 
and legumes. Wetness and soil blowing are the main 
concerns of management. Capability unit IIIs—3; 
windbreak suitability group 1. 


Wyrene Series 


The Wyrene series consists of moderately deep, 
nearly level, somewhat poorly drained soils that formed 
in moderately coarse textured glaciofluvial de- 
posits over coarse-textured glaciofluvial deposits. These 
soils are in slight depressions on glacial outwash plains. 

In a representative profile the surface layer is dark- 
gray sandy loam about 8 inches thick. The substratum 
is 52 inches thick. The upper 13 inches is gray, friable 
sandy loam that has an accumulation of lime. Below 
this is 8 inches of light yellowish-brown coarse sand. 
The next 13 inches is mottled, light yellowish-brown 
coarse sand. The lowermost 18 inches is light brownish- 
gray and grayish-brown coarse sand. 

Permeability is moderately rapid in the surface 
layer and upper part of the substratum and rapid in 
the lower part of the substratum. The available water 
capacity is low. The organic-matter content is mod- 
erate, and fertility is medium. The water table is within 
5 feet of the surface most of the year and just below 
the surface in spring and early in summer. Tillage 
is often delayed because of wetness. 

These soils are suited to grain crops, grasses, and 
legumes. 

Representative profile of Wyrene sandy loam, in a 
hay meadow, 220 feet north and 1,450 feet west of the 
southeast corner of the NEY, sec. 22, T. 148 N., R. 
64 W., Eddy County: 


A1—0O to 8 inches, dark-gray (10YR 4/1) sandy loam, black 
(10YR 2/1) moist; weak, fine, granular structure; 
slightly hard, very friable, slightly sticky and 
slightly plastic; many roots; strongly efferves- 
cent; moderately alkaline; gradual, wavy bound- 


ary. 

Cica—8 to 13 inches, gray (10YR 6/1) sandy loam, dark 
gray (10YR 4/1) moist; moderate, coarse, pris- 
matic structure parting to moderate, coarse and 
medium, subangular blocky; hard, friable, slightly 
sticky and slightly plastic; common roots; vio- 
lently effervescent; moderately alkaline; gradual, 
wavy boundary. 

C2ca—13 to 21 inches, gray (10YR 6/1) sandy. loam, 
dark gray (10YR 4/1) moist; moderate, coarse 
and medium, prismatic structure parting to mod- 
erate, coarse and medium, subangular blocky; hard, 
friable, slightly sticky and slightly plastic; few 
roots; violently effervescent; moderately alkaline; 
clear, smooth boundary. 

IIC8—21 to 29 inches, light yellowish-brown (2.5Y 6/3) 
coarse sand, light olive brown (2.5Y 5/4) moist; 
single grained; loose, nonsticky and nonplastic; 
slightly effervescent; moderately alkaline; clear, 


wavy boundary. 
II1C4—29 to 42 inches, light yellowish-brown (2.5Y 6/4) 
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coarse sand, light olive brown (2.5Y 5/4) moist; 
common, fine, faint, dark yellowish-brown (10YR 
4/4, moist) mottles; single grained; loose, non- 
sticky and nonplastic; slightly effervescent; mod- 
erately alkaline; clear, wavy boundary. 

TIC5—-42 to 60 inches, light brownish-gray and grayish- 
brown (2.5Y 6/2 and 5/2) coarse sand, very dark 
grayish brown (2.5Y 8/2) moist; single grained; 
Yoose, nonsticky and nonplastic; slightly efferves- 
cent; moderately alkaline. 


Depth to the sand and gravel IIC horizon ranges from 
20 to 40 inches but typically is 20 to 80 inches. The A 
horizon ranges from 6 to 14 inches in thickness. It is gray, 
dark gray, or very dark gray. Typically, the A horizon is 
caleareous and has an accumulation of lime in the lower 
part, but it is noncaleareous in some places. The Cea _hori- 
zon is light-gray, dark-gray, or gray sandy loam, loam, 
or loamy sand. It is mottled in some places. The Cea hori- 
zon has weak to moderate prismatic structure that parts 
to weak to moderate subangular blocky structure. 

The IIC horizon consists of stratified sand and gravel, 
but it is dominantly coarse sand. Mottles in the JIC horizon 
are present in most places. Typically, the IIC horizon is 
slightly calcareous to strongly calcareous. In some places 
it is noncaleareous, and in other places it has an accumu- 
lation of lime in the upper part. Glacial till is below a 
depth of 40 inches in some places. 

Wyrene soils are adjacent to Arveson, Hamar, Totten, 
and Wyndmere soils in many places. They are better 
drained than Arveson soils. They are underlain by coarser 
sand than Wyndmere soils. They have an accumulation of 
lime within 16 inches of the surface, which Hamar soils 
do not have. They lack the alkaline B2 horizon, which is a 
characteristic of Totten soils. 


Wyrene sandy loam (Wr).—This soil is nearly level 
and is in slight depressions on glacial outwash plains 
and terraces along drainageways and rivers, It has 
the profile described as representative of the series. 

Included with this soil in mapping are small areas 
of Divide, Hamar, and Totten soils in positions simi- 
lar to those of Wyrene soils. Also included are small 
areas of Arveson, Fossum, and Marysland soils in 
slightly lower positions and Lohnes soils and Clontarf 
soils in slightly higher positions. Soils in many culti- 
vated areas have a lighter colored surface layer. 

Surface runoff is slow, and water ponds in low po- 
sitions. The hazard of soil blowing is very severe. 

Most areas are cultivated; some are used for pas- 
ture and hay. This soil is suited to grain crops, grasses, 
and legumes. Wetness, soil blowing, and droughtiness 
caused by the low available water capacity are the 
main concerns of management. Capability unit ITIs— 
3; windbreak suitability group 1. 

Wyrene sandy loam, till substratum {Ws|—This soil 
is nearly level and is in slight depressions on sand- 
mantled glacial till. It has a profile similar to the one 
described as representative of the series, but glacial 
till is below a depth of 40 inches. 

Included with this soil in mapping are small areas of 
Fram soils and Totten soils in positions similar to 
those of Wyrene soils. Also included are small areas 
of Marysland soils and Vallers soils in slightly lower 
positions and Emrick soils and Lohnes soils in slightly 
higher positions. Soils in many cultivated areas have 
a lighter colored surface layer. 

Surface runoff is slow, and water ponds in low po- 
sitions. The hazard of soil blowing is very severe. 

Most areas are cultivated; some are used for pasture 
and hay. This soil is suited to grain crops, grasses, 
and legumes. Wetness, soil blowing, and droughtiness 
caused by the low available water capacity are the 
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main concerns of management. Capability unit ITIs— 
3; windbreak suitability group 1. 

Wyrene-Totten sandy loams (Wt).—These soils are 
nearly level and are in slight depressions on glacial 
outwash plains. The Totten soils have a profile similar 
to the one described as representative of the series, 
but the surface layer is sandy loam. Wyrene soils 
make up about 55 percent of this mapping unit, and 
Totten soils make up about 35 percent. 

Included with these soils in mapping are small areas 
of Marysland soils in slightly lower positions and 
Osakis soils in slightly higher positions. Soils in many 
cultivated areas have a lighter colored surface layer. 
In some cultivated areas the surface layer of the Tot- 
ten soils is hard and cloddy when dry and sticky when 
wet, because some of the subsoil has been mixed with 
the surface layer. 

Surface runoff is very slow, and water ponds in low 
positions. The hazard of soil blowing is very severe. 

Most areas are cultivated; some are used for pasture 
and hay. These soils are suited to grasses and, if 
drained, to small grains. Growth of most crops is re- 
duced on the Totten soils because of the dense subsoil, 
alkalinity, and moderately slow permeability. Wetness, 
soil blowing, droughtiness caused by the low available 
water capacity, and maintenance of good soil tilth in 
cultivated areas are the main concerns of management. 
Capability unit [IIsw-8; Wyrene soil is in windbreak 
suitability group 1, Totten soil is in windbreak suita- 
bility group 9. 


Zell Series 


The Zell series consists of deep, hilly, well-drained 
soils that formed in medium-textured glaciofluvial de- 
posits. These soils are on morainic areas on glacial 
till plains and on a glacial disintegration ridge on the 
outwash plain north and east of New Rockford. These 
soils are mapped only with Buse and Sioux soils in 
this survey area. 

In a representative profile the surface layer is gray 
loam about 6 inches thick. The substratum is 54 inches 
thick. The upper 4 inches is white, very friable silt 
loam that has an accumulation of lime. Below this is 
14 inches of pale-yellow loam, 8& inches of light 
brownish-gray very fine sandy loam, and 20 inches of 
mottled, light brownish-gray very fine sandy loam. 
The lowermost 6 inches is light-gray fine sand. 

Permeability is moderate, and the available water 
capacity is high. The organic-matter content is mod- 
erate, fertility is low. 

These soils are better suited to grasses than to most 
other uses. 

Representative profile of Zell loam in an area of 
Buse, Sioux, and Zell soils, 3 to 30 percent slopes, in 
a cultivated field, 100 feet north and 110 feet east of 
the center of sec. 10, T. 151 N., R. 63 W., Benson 
County: 

Ap—O to 6 inches, gray (10YR 5/1) loam, very dark gray 
(10YR 3/1) moist; weak, coarse and medium, 
subangular blocky structure; slightly hard, very 
friable, slightly sticky and slightly plastic; many 
roots; strongly effervescent; neutral; abrupt, 
smooth boundary. 


Clea—6 to 10 inches, white (2.5Y 8/2) silt loam, light 
brownish gray (2.5Y 6/2) moist; weak, coarse, 
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prismatic structure parting to weak, coarse and 
medium, subangular blocky; slightly hard, very 
friable, slightly sticky and slightly plastic; com- 
mon roots; violently effervescent; mildly alkaline; 
clear, wavy boundary. 

C2—10 to 24 inches, pale-yellow (2.5Y 7/4) loam, light 
olive brown (2.5Y 5/4) moist; weak, very coarse, 
prismatic structure parting to weak, very coarse, 
subangular bloeky; slightly hard, very friable, 
slightly sticky and slightly plastic; 
few roots; few pebbles; strongly effervescent; 
mildly alkaline; clear, smooth boundary. 

C3-—-24 to 32 inches, light brownish-gray (2.5Y 6/2) very 
fine sandy loam, olive brown (2.5Y 4/4) moist; 
weak, very coarse, subangular blocky structure; 
soft, very friable, slightly sticky and slightly plas- 
tic; strongly effervescent; mildly alkaline; clear, 
smocth boundary. 

C4—32 to 52 inches, light brownish-gray (2.5Y 6/2) very 
fine sandy loam, olive brown (2.5Y 4/4) moist; 
common, fine, faint, gray (N 5/0, moist) mottles; 
massive; soft, very friable, slightly sticky and 
slightly plastic; strongly effervescent; mildly al- 
kaline; clear, smooth boundary, 

IIC5—-52 to 60 inches, light-gray (2.5Y 7/2) fine sand, 
light brownish gray (2.5Y 6/2) moist; single 
grained; loose, nonsticky and nonplastic; slightly 
effervescent; mildly alkaline. 

The A horizon ranges from 4 to 10 inches in thickness. 
It is gray, dark-gray, or very dark gray loam or silt loam. 
The C horizon is light gray, light brownish gray, pale 
yellow or white. Typically, it is loam, silt loam, or very fine 
sandy loam, but in many places fine sandy loam or fine sand 
are below a depth of about 40 inches. Lime has accumulated 
in the upper part of the C horizon in most places. Pebbles 
and stones are on the surface in some places. 

Zell soils are adjacent to Buse and Sioux soils in many 
places, They have profile characteristics similar to those of 
Buse soils. They contain more silt and sand and less clay 
than Buse soils. They lack the coarse sand and gravel in 
the C horizon, which is a characteristic of Sioux soils. 


Use and Management of the Soils 


This section discussses the use and management of 
the soils as dryland and irrigated cropland, as wildlife 
habitat and recreation areas, and as sites for wind- 
breaks. It describes the relative suitability of soils for 
highway construction and other engineering works. 


General Management of Cropland * 


About 70 percent of the survey area is cultivated. 
Spring wheat is the principal crop. Flax, oats, and 
barley are other important crops. 

The main considerations in managing cultivated 
soils in this survey area are conserving moisture, con- 
ne wind and water erosion, and maintaining fer- 
ility. 

In dryfarmed areas, moisture generally can be con- 
served by reducing evaporation, limiting runoff, 
increasing infiltration, and controlling weeds. Benefi- 
cial practices include stubble mulching, contour farm- 
ing, stripcropping, field windbreaks, buffer strips, 
timely tillage, minimum tillage, using crop residue, 
and applying fertilizer. Fallow helps to control weeds 
and to build up the content of moisture. 

Cover crops, stripcropping, buffer strips, windbreaks, 
contour farming, diversions, waterways, minimum 
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tillage, emergency tillage, and using crop residue help 
to control erosion. Generally, a combination of several 
practices is used. 

Among the practices that help to maintain fertility 
are applying chemical fertilizer, green manure, and 
barnyard manure, including cover crops, grasses, and 
legumes in the cropping system, and utilizing summer 
fallow. Controlling erosion also helps to conserve fer- 
tility. 

Drainage, removing stones, and reducing salinity are 
needed in places to offset the effects of unfavorable 
soil characteristics. 

Management of irrigated soils 

Soil features affecting irrigation (6) are given in 
table 8. 

Crop response to irrigation water generally results 
in proportionally higher yields on soils that have a 
low available water capacity compared to soils that 
have a high available water capacity. Also, crop re- 
sponse to irrigation water is greater if such long- 
growing season crops as alfalfa are grown. Long-season 
crops have a high demand for water in July and August 
when normal precipitation often does not take care of 
plant needs. Yield data of irrigated and non-irrigated 
crops can be obtained at the Carrington Irrigation 
pee Station located 12 miles south of New Rock- 

ord. 

Decline in soil fertility takes place at a faster rate 
with irrigation than it does with dryfarmed conditions. 
Using commercial fertilizers, returning crop residues 
to the soils, and using legume or legume-grass mixtures 
in rotation on irrigated cropland help maintain soil 
fertility and tilth. 

Capability grouping 

Capability grouping shows, in a general way, the 
suitability of soils for most kinds of farming. The soils 
are grouped according to their limitations when used 
for field crops, the risk of damage when they are used, 
and the way they respond to treatment. The grouping 
does not take into account major and generally expen- 
sive landforming that would change slope, depth, or 
other characteristics of the soils; does not take into 
consideration possible but unlikely major reclamation 
projects; and does not apply to rice, cranberries, horti- 
culture crops, or other crops requiring special manage- 
ment. 

From the capability classification much about the 
behavior of soils can be inferred. But this classification 
is not a substitute for interpretations designed to show 
suitability and limitations of groups of soils for range, 
forest trees, or engineering. 

In the capability system, the kinds of soils are 
grouped at three levels: the class, the subclass, and 
the unit. These are discussed in the following para- 
graphs. 

CAPABILITY CLASSES, the broadest groups, are desig- 
nated by Roman numerals I through VIII. The num- 
erals indicate progressively greater limitations and 
narrower choices for practical use. 


Class I soils have few limitations that restrict 
their use. There are no class I soils in this 
survey area. 

Class II soils have moderate limitations that re- 
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duce the choice of plants or that require mod- 
erate conservation practices. 

Class III soils have severe limitations that reduce 
the choice of plants, require special conserva- 
tion practices, or both. 

Class IV soils have very severe limitations that 
reduce the choice of plants, require very care- 
ful management, or both. 

Class V soils are subject to little or no erosion but 
have other limitations, impractical to remove, 
that limit their use largely to pasture, range, 
woodland, or wildlife habitat. 

Class VI soils have severe limitations that make 
them generally unsuited to cultivation and 
limit their use largely to pasture, range, wood- 
land, or wildlife habitat. 

Class VII soils have very severe limitations that 
make them unsuited to cultivation and that 
restrict their use largely to pasture, range, 
woodland, or wildlife habitat. 

Class VIII soils and landforms have limitations 
that preclude their use for commercial plants 
and restrict their use to recreation, wildlife 
habitat, water supply, or esthetic purposes. 
There are no class VIII soils in this survey 
area. 


CAPABILITY SUBCLASSES are designated by adding a 
small letter, e, w, s, or c, to the class numeral, for 
example, IIe. The letter e shows that the main limita- 
tion is risk of erosion unless close-growing plant cover 
is maintained; 2 shows that water in or on the soil in- 
terferes with plant growth or cultivation (in some soils 
the wetness can be partly corrected by artificial drain- 
age); s shows that the soil is limited mainly because 
it is saline, shallow, droughty, or stony; and ¢, used 
in only some parts of the United States, shows that 
the chief limitation is climate that is too cold or too 
dry. For some soils, erosion or wetness and one of the 
other kinds of limitations have about equal importance, 
and the subclass symbol shows both kinds; Tiles is 
an example. 

In class I there are no subclasses, because the soils 
of this class have few limitations. Class V can con- 
tain, at the most, only the subclasses indicated by w, 
s, and c because the soils in class V are subject to 
little or no erosion, although they have other limita- 
tions that restrict their use largely to pasture, range, 
woodland, wildlife habitat, or recreation. 

CAPABILITY UNITS are soil groups within the sub- 
classes. The soils in one capability unit are enough 
alike to be suited to the same crops and pasture plants, 
to require similar management and to have similar 
productivity and other responses to management. 
Thus, the capability unit is a convenient grouping for 
making many statements about the management of 
soils. Capability units are generally designated by add- 
ing an Arabic numeral to the subclass symbol, for 
example, Ile-6 or IIw-6. Thus, in one symbol, the 
Roman numeral designates the capability class, or de- 
gree of limitation; the small letter indicates the sub- 
class or kind of limitation as defined in the foregoing 
paragraphs; and the Arabic numeral specifically iden- 
tifies the capability unit within each subclass. Arabic 
numerals are also used to indicate the susceptibility 
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to wind erosion, ranging from 2, which is very severe, 
to 6, which is slight. The letter P indicates the presence 
of a sodic claypan in the subsoil, the letter L indicates 
that the soil is calcareous, and the letter M indicates 
that the sandy soils have a substratum of loam, clay 
loam, or clay. 


Management by capability units 


In the following pages each of the capability units 
in this survey area is described, and suggestions for 
use and management are given. The units are not 
numbered consecutively, because not all of the units 
in the statewide system are represented in this survey 
area. The capability designation for each soil in the 
survey area is given in the “Guide to Mapping Units.” 
Gravel pits and Made land were not placed in a capa- 
bility unit. 


CAPABILITY UNIT Ile-3 


This capability unit consists of well drained and 
moderately well drained, deep, nearly level, gently un- 
dulating, and gently rolling soils. These soils are 
medium textured, but, in some areas, have moderately 
coarse textured and coarse textured strata in the lower 
part of the substratum. 

Surface runoff is slow to medium. The available 
water capacity is high, and permeability is moderate. 
The hazard of soil blowing is moderate. The organic- 
matter content is high, and fertility is medium or 
high. 

These soils are suited to all crops commonly grown 
in the area, and most of the acreage is cultivated. 
Wheat, barley, flax, oats, and rye are the main crops. 

Corn, bromegrass, and alfalfa are grown for silage, 
hay, and pasture on farms where livestock is raised. 
Deferring grazing and controlling distribution of 
water and salt are needed in areas of native grass to 
maintain forage production. 

Management should include the use of cover crops, 
crop residue, grassed waterways, stripcropping, field 
windbreaks, contour farming, buffer strips, timely till- 
age, emergency tillage, and fertilizer. These measures 
control erosion, conserve moisture, and maintain fer- 
tility. Fallow is used for weed control and storing soil 
moisture. Draining shallow depressions and removing 
surface stones aids in tillage, 


CAPABILITY UNIT Ile-6 


This capability unit consists of well drained and 
moderately well drained, deep, gently sloping and 
gently undulating soils. These soils are medium tex- 
tured or moderately fine textured. 

Surface runoff is medium. The available water ca- 
pacity is high, and permeability is moderate or mod- 
erately slow. The hazard of soil blowing is slight. 
The organic-matter content is high, and fertility is 
medium or high. 

These soils are suited to all crops commonly grown 
in the survey area, and most of the acreage is culti- 
vated. Wheat, barley, flax, oats, and rye are the main 
crops. 

Corn, bromegrass, and alfalfa are grown for silage, 
hay, and pasture on farms where livestock is raised. 
Deferring grazing and controlling distribution of 
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water and salt are needed in areas of native grags to 
maintain forage production. 

Management should include the use of grassed 
waterways, stubble mulching, cover crops, field wind- 
breaks, timely tillage, stripcropping, contour farming, 
diversions, fertilizer, and buffer strips. These measures 
control erosion, conserve moisture, and maintain fer- 
tility. Fallow is used for controlling weeds and storing 
soil moisture. Draining shallow depressions and remov- 
ing surface stones aids in tillage. 


CAPABILITY UNIT Hes—4L 


This capability unit consists mainly of somewhat 
poorly drained, deep, nearly level, gently sloping and 
gently undulating, calcareous soils. These soils have 
a medium-textured surface layer. They are calcareous 
and medium textured in the upper part of the sub- 
stratum, and they are moderately fine textured to 
coarse textured in the lower part of the substratum. 
Among the soils in this unit are nearly level, mod- 
erately well drained Svea soils that have a noncalcare- 
ous, medium-textured surface layer and subsoil. 

Surface runoff is slow to medium. The available 
water capacity is high, and permeability is moderate 
or moderately slow. The hazard of soil blowing is se- 
vere. The organic-matter content is high, and fertility 
is medium or high. All the soils except the Svea soils 
have a seasonal high water table. 

These soils are suited to all crops commonly grown 
in the survey area, and most of the acreage is culti- 
vated. Barley, wheat, flax, oats, and rye are the main 
crops. 

Corn, alfalfa, and bromegrass are grown for silage, 
hay, or pasture on farms where livestock is raised. 
Sweetclover that is seeded with flax or oats and cut 
for hay or plowed under the following summer helps 
remove excess water from the soil and improve tilth. 
Deferring grazing and controlling distribution of 
water and salt are needed in areas of native grass to 
maintain forage production. 

Management should include the use of crop residue, 
cover crops, stripcropping, field windbreaks, grassed 
waterways, buffer strips, timely tillage, emergency till- 
age, and fertilizer. These measures control erosion, 
conserve moisture, and maintain fertility. The response 
of crops to phosphate fertilizer is especially good on 
these soils. Draining shallow depressions and removing 
surface stones aids in tillage. Fallow is used only when 
Sa for weed control or to follow a crop of sweet- 
clover, 


CAPABILITY UNIT IIw-4L 

This capability unit consists of poorly drained, deep 
and moderately deep, nearly level and gently sloping, 
calcareous soils. These soils have a medium textured 
or moderately fine textured surface layer. The sub- 
stratum is calcareous and is medium textured, mod- 
erately coarse textured, or moderately fine textured in 
the upper part, and it is medium textured to coarse 
textured in the lower part (fig. 16). 

The available water capacity ranges from low to 
high. Permeability ranges from moderately slow to 
moderately rapid. The organic-matter content is high, 
and fertility is medium. These soils have a seasonal 
high water table. 


Figure 16.—Hummocky areas are common where soils in capa- 
bility unit Ifw-4L are used for pasture. 


Most of the acreage of these soils is used for hay 
and pasture. The high water table causes wetness that 
delays seeding. Late-seeded crops, such as flax, are 
grown in a few areas. If the water table can be low- 
ered, these soils are suited to most crops commonly 
grown in the survey area, but outlets for drainage 
generally are not available. Native vegetation includes 
prairie cordgrass, northern reedgrass, sartwell sedge, 
and Rydberg’s sunflower. Grazing of native vegetation 
should be regulated so that about no more than half 
of the annual growth of desirable plants is consumed. 
Deferring grazing, controlling distribution of water 
and salt, and fencing can be used to prevent overgraz- 
ing. 

The hazard of soil blowing is severe if these soils are 
drained and tilled. Management should include the use 
of cover crops, crop residue, stripcropping, timely till- 
age, buffer ‘strips and fertilizer. These measures con- 
trol erosion, conserve moisture, and maintain fertility. 
The response of crops to phosphate fertilizer is es- 
pecially good on these soils. Sweetclover that is seeded 
with a nurse crop and cut for hay or plowed under 
the following summer helps remove excess moisture 
and improve tilth. Fallow is used only when needed 
for weed control or to follow sweetclover. 


CAPABILITY UNIT Iw-6 


This capability unit consists of poorly drained and 
somewhat poorly drained, deep, nearly level soils. These 
soils are medium textured or moderately fine textured. 
In some areas the lower part of the substratum is 
coarse textured. 

The available water capacity is high. Permeability 
is moderate to slow. The organic-matter content is 
high, and fertility is medium. Runoff from adjacent 
areas ponds on these soils. 

These soils are suited to such late-seeded crops as 
flax and millet. They are suited to all crops commonly 
grown in the survey area if excess water is drained. 
Most of the acreage of these soils is used for hay and 
pasture. Native vegetation includes prairie cordgrass, 
northern reedgrass, Rydberg’s sunflower, and sartwell 
sedge. Reed canarygrass is well suited to soils in under- 
drained areas. Grazing of native vegetation should be 
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regulated so that no more than half of the annual 
growth is consumed. Deferring grazing and controlling 
distribution of water and salt can be used to prevent 
overgrazing. 

The hazard of soil blowing is slight if these soils 
are tilled. Wetness delays seeding in most years, and 
during wet years tillage operations are not practical 
because of ponded water. Crops are damaged in places 
as a result of ponded water after heavy rains during 
the growing season. These soils are generally in small 
areas where draining aids tillage operations. Manage- 
ment should include the use of crop residue, cover 
crops, timely tillage, buffer strips, stripcropping, and 
fertilizer. These measures control erosion, conserve 
moisture, and maintain fertility. 


CAPABILITY UNIT Tis-4 


This capability unit consists of poorly drained, well 
drained, and moderately well drained, deep, nearly 
level soils. These soils have a moderately fine textured 
or fine textured surface layer, subsoil, and substratum. 

The available water capacity is high. Permeability 
is moderate or slow. The organic-matter content is 
high, and fertility is medium or high. The hazard of 
soil blowing is severe, especially after freezing and 
thawing have destroyed surface cloddiness. Some areas 
are subject to flooding. 

These soils are suited to all crops commonly grown 
in the survey area, and many areas are cultivated. 
Wheat, barley, flax, oats, and rye are the main crops. 
Deferring grazing and controlling distribution of water 
and salt are needed in areas of native grass to main- 
tain forage production. Brush control improves forage 
production in some areas. 

Management should include the use of crop residue, 
buffer strips, cover crops, stripcropping, windbreaks, 
fertilizer, and timely tillage. These measures control 
erosion, conserve moisture, and maintain fertility. 
Fall plowing should be done early enough to allow for 
regrowth of the weeds that help to control erosion. 
Draining shallow depressions and diverting runoff 
from adjacent areas aids in tillage. 


CAPABILITY UNIT Ils-6 

The only mapping unit in this capability unit is 
Vang loam. This soil is well drained, moderately deep, 
and nearly level. It is medium textured in the surface 
layer, subsoil, and upper part of the substratum, and 
coarse textured in the lower part of the substratum. 

Surface runoff is slow. The available water capacity 
is moderate. Permeability is moderate in the surface 
layer, subsoil, and upper part of the substratum and 
very ‘rapid in the lower part of the substratum. The 
hazard of soil blowing is slight. The organic-matter 
content is high, and fertility is medium. 

This soil is suited to all crops commonly grown in 
the survey area, and most areas are cultivated. Wheat, 
barley, flax, oats, and rye are the main crops. Corn, 
bromegrass, and alfalfa are grown for silage, hay, and 

pasture on farms where livestock is raised. Deferring 
grazing and controlling distribution of water and salt 
are needed in areas of native grass to maintain forage 
production, 

Management should include the use of cover crops, 
crop residue, timely tillage, stripcropping, field wind- 
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breaks, buffer strips, and fertilizer. These measures 
control erosion, conserve moisture, and maintain fer- 
tility. Draining shallow depressions aids in tillage. 


CAPABILITY UNIF Ife-6 


This capability unit consists of well drained and 
moderately well drained, deep and moderately deep, 
nearly level soils, These soils are medium textured or 
moderately fine textured. In a few areas, bedded shale 
is within 24 to 36 inches of the surface. 

Surface runoff is slow. The available water capacity 
is moderate or high, and permeability is moderate or 
moderately slow. The hazard of soil blowing is slight. 
The organic-matter content is moderate.or high, and 
fertility is medium or high. 

These soils are suited to all crops commonly grown 
in the area, and most of the acreage is cultivated. 
Wheat, barley, flax, oats, ce rye are the main crops. 
Corn, bromegrass, "and al falfa are grown for silage, 
hay, or pasture on farms where livestock is raised. 
Deferring grazing and controlling distribution of 
water and salt are needed to maintain forage produc- 
tion in areas of native grass. 

Low rainfall and a short growing season are the 
main limitations to use of these soils. Management 
should include the use of cover crops, crop residue, 
timely tillage, stripcropping, field windbreaks, buffer 
strips, and fertilizer. These measures control erosion, 
conserve moisture, and maintain fertility. Fallow is 
used for weed control and for storing soil moisture. 
Draining shallow depressions and removing surface 
stones aid in tillage. 


CAPABILITY UNIT IlTe-3 


This capability unit consists of moderately well 
drained and well drained, deep and moderately deep, 
nearly level and gently undulating soils. These soils 
have a moderately coarse textured surface layer, but 
below the surface layer, they are moderately coarse 
textured or coarse textured in the upper part and 
coarse textured in the lower part. 

Surface runoff is slow. The available water capacity 
is low or moderate, and permeability is moderately 
rapid or rapid. The hazard of soil blowing is severe. 
The organic-matter content ranges from low to high, 
and fertility is low or medium. 

These soils are suited to all crops commonly grown 
in the survey area. Wheat, barley, flax, oats, and rye 
are the main crops. Corn, bromegrass, and alfalfa are 
grown for silage, hay, or pasture on farms where live- 
stock is raised, Grazing of native vegetation should be 
regulated so that no more than half of the annual 
growth of desirable plants is consumed. Deferring 
grazing and controlling distribution of water and salt 
can be used to prevent overgrazing. Brush control in- 
creases forage production in some areas. 

Management should. include the use of crop residue, 
cover crops, stripcropping, buffer strips, field wind- 
breaks, weed control, timely tillage, emergency tillage, 
minimum tillage, grassed waterways, diversions, con- 
tour farming, and fertilizer. These measures control 
erosion, conserve moisture, and maintain fertility. Fal- 
a should be used only when needed for weed con- 
trol. 
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CAPABILITY UNIT I1le-3M 


This capability unit consists of well drained and 
moderately well drained, deep, nearly level and gently 
undulating soils. They have a moderately coarse tex- 
tured surface layer, a moderately coarse textured and 
coarse textured subsoil, and a coarse textured to mod- 
erately fine textured substratum. 

Surface runoff is slow to medium. The available 
water capacity ranges from low to high. Permeability 
ranges from rapid to moderate in the upper part of 
the profile and from rapid to moderately slow in the 
lower part. The hazard of soil blowing is very severe. 
The organic-matter content is moderate or high, and 
fertility is low or medium. 

These soils are suited to all crops commonly grown 
in the survey area. Wheat, barley, flax, oats, and rye 
are the main crops. Corn, alfalfa, and bromegrass are 
grown for silage, hay, or pasture on farms where 
livestock is raised. Deferring grazing and controlling 
distribution of water and salt are needed to maintain 
forage production in areas of native grass. 

Management should include the use of crop residue, 
stripcropping, field windbreaks, buffer strips, cover 
crops, emergency tillage, timely tillage, grassed water- 
ways, fertilizer, and green-manure crops. These mea- 
sures control erosion, conserve moisture, and maintain 
fertility. Fallow should be used only when needed for 
weed control. 


CAPABILITY UNIT Ille-3P 

The only mapping unit in this capability unit is 
Letcher sandy loam. This soil is somewhat poorly 
drained, nearly level, and deep. It has a sodic claypan. 
This soil has a moderately coarse textured surface 
layer and subsoil and a coarse textured substratum. 
In some areas, the lower part of the substratum is 
moderately fine textured glacial till. 

Surface runoff is slight. The available water capacity 
is low. Permeability is slow in the subsoil and rapid 
to moderately slow in the substratum. The hazard 
of soil blowing is severe. The organic-matter content 
is moderate, and fertility is low. 

This soil is suited to barley, wheat, and oats. Wheat- 
grasses, bromegrass, and alfalfa are grown for silage, 
hay, and pasture on farms where livestock is raised. 
Deferring grazing and controlling distribution of wa- 
ter and salt are needed in areas of native grass to 
maintain forage production. 

Wetness delays tillage operations. The sodic claypan 
and low available water capacity reduce plant growth. 
Tillage that mixes the sodic subsoil with the surface 
layer causes surface crusting when the soil dries. This 
surface crust hinders the emergence of seedlings, es- 
pecially for such crops as flax. A perched water table 
forms above the sodic subsoil during periods of heavy 
precipitation, and it causes wetness that delays tillage 
operations. Management should include the use of cover 
crops, stripcropping, buffer strips, minimum tillage, 
timely tillage, fertilizer, and crop residue. These 
measures contro] erosion, conserve moisture, and main- 
tain fertility. The use of green-manure crops and barn- 
yard manure improves tilth and permeability. Fallow 
should be used only when needed for weed control. 


CAPABILITY UNIT Ile-5S 
This capability unit consists of well drained and 
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moderately well drained, deep, sloping and gently roll- 
ing soils. These soils are medium textured. 

Surface runoff is rapid. The available water capacity 
is high, and permeability is moderate. The hazard of 
soil blowing is moderate. The organic-matter content 
is high, except in the Esmond soils in which it is 
medium. Fertility is medium, except in the Esmond 
soils in which it is low. 

These soils are suited to close-growing crops. Wheat, 
barley, flax, and oats are the main crops. Bromegrass 
and alfalfa are grown for silage, hay, and pasture on 
farms where livestock is raised. Grazing of native vege- 
tation should be regulated so that no more than half 
of the annual growth of desirable plants is consumed. 
Deferring grazing and controlling distribution of wa- 
ter and salt can be used to prevent overgrazing. Brush 
control improves forage production in some areas. 

Management should include the use of contour farm- 
ing, diversions, grassed waterways, cover crops, crop 
residue, buffer strips, green-manure crops, fertilizer, 
and barnyard manure. Grasses and legumes should be 
included in the cropping system. All of these measures 
help control erosion, conserve moisture, and maintain 
fertility. Fallow should be used only to help in con- 
trolling weeds and in storing soil moisture. 


CAPABILITY UNIT Ile-6 


This capability unit consists of well drained and 
moderately well drained, deep, sloping and gently roll- 
ing soils. These soils are medium textured or moder- 
ately fine textured. 

Surface runoff is rapid. The available water capacity 
is high, and permeability is moderate or moderately 
slow. The hazard of soil blowing is slight. The organic- 
matter content is moderate or high. Fertility is med- 
jum or high, except in Buse soils in which it is low. 

These soils are suited to close-growing crops. Wheat, 
barley, flax, and oats are the main crops. Bromegrass 
and alfalfa ave grown for silage, hay, and pasture on 
farms where livestock is raised. Grazing of native 
vegetation should be controlled so that no more than 
half of the annual growth of desirable plants is con- 
sumed. Deferring grazing and controlling distribution 
of water and salt ean be used to prevent overgrazing. 
Brush control improves forage production in some 
areas. 

Management should include the use of contour farm- 
ing, diversions, grassed waterways, crop residue, fer- 
tilizer, barnyard manure, and green-manure crops. 
Grasses and legumes should be included in the crop- 
ping system. These measures control erosion, conserve 
moisture, and maintain fertility. 


CAPABILITY UNIT Hles-3 

This capability unit consists of somewhat exces- 
sively drained and moderately well drained, shallow 
and moderately deep, nearly level and undulating soils. 
These soils have a moderately coarse textured surface 
layer and subsoil and a coarse textured substratum. 

Surface runoff is slow to medium. The available 
water capacity is low. Permeability is moderately rapid 
in the surface layer and subsoil and rapid or very 
rapid in the substratum. The hazard of soil blowing 
is very severe. The organic-matter content is medium, 
and fertility is medium. 
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These soils are suited to all crops commonly grown 
in the survey area. Wheat, barley, flax, oats, and rye 
are the main crops. Corn, alfalfa, and bromegrass are 
grown for silage, hay, and pasture on farms where 
livestock is raised. Deferring grazing and controlling 
distribution of water and salt are needed in areas of 
native grass to maintain forage production. 

Management should include the use of crop residue, 
stripcropping, field windbreaks, buffer strips, cover 
crops, timely tillage, minimum tillage, emergency till- 
age, green-manure crops, and fertilizer. Grasses and 
legumes should be included in the cropping system. 
These measures control erosion, conserve moisture, and 
maintain fertility. 


CAPABILITY UNIT Wles-5 


This capability unit consists mainly of well-drained, 
shallow, gently undulating and gently rolling soils, but 
in some areas it consists of excessively drained, very 
shallow, gently undulating and gently rolling soils. In 
most areas these soils have a medium-textured surface 
layer and subsoil and a coarse-textured substratum, 
but in a few areas they are coarse textured, except 
for the surface layer. 

Surface runoff is medium to rapid. The available 
water capacity is low or very low, and permeability is 
moderately rapid in the surface layer but very rapid 
below that. The hazard of soil blowing is moderate. 
The organic-matter content ranges from moderately 
low to high, and fertility is medium or. low. 

These soils are suited to all crops commonly grown 
in the survey area. Wheat, barley, oats, flax, and rye 
are the main crops. Grazing of native vegetation should 
be regulated so that no more than half of the annual 
growth of desirable plants is consumed. Deferring graz- 
ing and controlling distribution of water and salt can 
be used to prevent overgrazing. 

Management should include the use of crop residue, 
stripcropping, field windbreaks, buffer strips, cover 
crops, grassed waterways, timely tillage, fertilizer, and 
barnyard manure. These measures control erosion, con- 
serve moisture, and maintain fertility. 


CAPABILITY UNIT HWiles-6 


This capability unit consists of somewhat exces- 
sively drained, shallow, gently undulating Renshaw 
soils. They have a medium-textured surface layer and 
subsoil and a coarse-textured substratum. 

Surface runoff is medium. The available water capac- 
ity is low, and permeability is moderately rapid in the 
surface layer and subsoil and very rapid in the sub- 
stratum. The hazard of soil blowing is slight. The 
organic-matter content is moderate, and fertility is 
medium. 

These soils are suited to all crops commonly grown 
in the survey area. Wheat, barley, oats, flax, and rye 
are the main crops. Alfalfa and bromegrass are grown 
for silage, hay, and pasture on farms where livestock 
is raised. Grazing of native vegetation should be regu- 
lated so that no more than half of the annual growth 
of desirable plants is consumed. Deferring grazing and 
controlling distribution of water and salt can be used 
to prevent overgrazing. 

Management (fig. 17) should include the use of crop 
residue, cover crops, grassed waterways, stripcropping, 
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Figure 17.—Rough tillage on a soil in capability unit I1les-6. 
The ridges hold snow and help control soil blowing. 


timely tillage, fertilizer, and barnyard manure. Grasses 
and legumes should be included in the cropping system. 
These measures control erosion, conserve moisture, and 
maintain fertility. Fallow should be used only when 
needed to control weeds. 


CAPAILITY UNIT III w-3 


This capability unit consists of somewhat poorly 
drained and poorly drained, deep, nearly level soils. 
These soils have a moderately coarse textured sur- 
face layer but are moderately coarse textured or coarse 
textured below the surface layer. In some areas the 
upper part of the soil is high in content of lime, and 
in other areas the lower part of the substratum is 
glacial till. 

The available water capacity is low or moderate. Per- 
meability is moderately rapid or rapid. The organic- 
matter content is moderate or high, and fertility is 
medium, 

These soils are suited to native grasses. The native 
vegetation includes big bluestem, little bluestem, switch- 
grass, prairie dropseed, western wheatgrass, Maximil- 
ian sunflower, and inland saitgrass. Grazing of native 
vegetation should be regulated so that no more than 
half of the annual growth of desirable plants is con- 
sumed. Deferring grazing, controlling distribution of 
water and salt, and fencing to concentrate grazing 
can be used to prevent overgrazing. 

If not drained, these soils are too wet for tilled crops, 
but if drained, they are suited to all crops commonly 
grown in the survey area. Wheat, barley, flax, oats, 
and rye are the main crops. Corn, bromegrass, and 
alfalfa are grown for silage, hay, or pasture on farms 
where livestock is raised. 

The hazard of soil blowing is very severe if these 
soils are drained and tilled. Management should in- 
clude the use of crop residue, cover crops, stripcrop- 
ping, field windbreaks, buffer strips, timely tillage, 
emergency tillage, minimum tillage, and fertilizer. 
These measures control erosion, conserve moisture, and 
maintain fertility. Fallow should be used only when 
needed for weed control. 


CAPABILITY UNIT Il] w-4 


The only mapping unit in this capability unit is 
Ludden silty clay. This soil is poorly drained, deep, 
nearly level and calcareous. It is fine textured through- 
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out, and lime has accumulated in the upper part of 
the substratum. 

This soil is subject to flooding, The available water 
capacity is high. Permeability is slow. The organic- 
matter content is high, and fertility is medium. 

This soil is suited to native grasses. Native vege- 
tation includes big bluestem, slender wheatgrass, green 
needlegrass, western wheatgrass, prairie dropseed, and 
Maximilian sunflower. Grazing of native vegetation 
should be regulated so that no more than half of the 
annual growth of desirable plants is consumed. De- 
ferring grazing, controlling distribution of water and 
salt, and fencing to concentrate grazing can be used 
to prevent overgrazing. 

If undrained, this soil is too wet for cultivated crops, 
but if drained, it is suited to most crops commonly 
grown in the survey area. Wheat, barley, oats, flax, 
and rye are the main crops. 

The hazard of soil blowing is severe if this soil is 
drained and tilled. Tillage operations are delayed in 
places and some crops are damaged by overflow even 
where drainage has been provided. M-nagement should 
include the use of crop residue, stripcropping, cover 
crops, buffer strips, and fertilizer. These measures con- 
trol erosion, conserve moisture, and maintain fertility. 


CAPABILITY UNIT IlIw-5 


The only mapping unit in this capability unit is 
Fossum loam. This soil is poorly drained, deep, and 
nearly level. It has a medium-textured surface layer 
and a coarse-textured substratum that is high in con- 
tent of lime in the upper part. 

The available water capacity is low. Permeability 
is rapid. The organic-matter content is medium, and 
fertility is medium. 

This soil is suited to native grasses. Native vege- 
tation includes prairie cordgrass, big bluestem, indian- 
grass, Maximilian sunflower, and western wheatgrass. 
Grazing of native vegetation should be regulated so 
that no more than half of the annual growth of de- 
sirable plants is consumed. Deferring grazing, control- 
ling distribution of water and salt, and fencing to 
concentrate grazing can be used to prevent overgraz- 
ing. 

If not drained, this soil is too wet for tilled crops, 
but if drained, it is suited to all crops commonly grown 
in the survey area. Wheat, barley, flax, oats, and rye 
are the main crops. Grasses and legumes are grown 
for silage, hay, and pasture on farms where livestock 
is raised, 

The hazard of soil blowing is moderate if this soil 
is drained and tilled. Management should include the 
use of crop residue, cover crops, buffer strips, strip- 
cropping, green-manure crops, and fertilizer. These 
measures control erosion, conserve moisture, and main- 
tain fertility. Fallow should be used only when needed 
for weed control. 


CAPABILITY UNIT Ill w-6 


The only mapping unit in this capability unit is 
Tolna loam. This soil is somewhat poorly drained, mod- 
erately deep, and nearly level. It has a medium- 
textured surface layer and subsoil and a _ coarse- 
textured substratum. 

The available water capacity is low. Permeability 
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is moderately rapid to very rapid. The organic-matter 
content is high, and fertility is medium. 

This soil is suited to native grasses. Native vege- 
tation includes big bluestem, slender wheatgrass, green 
needlegrass, Canada wildrye, western wheatgrass, 
prairie dropseed, and Maximilian sunflower. Grazing 
of native vegetation should be regulated so that no 
more than half of the annual growth of desirable 
plants is consumed. Deferring grazing and controlling 
distribution of water and salt can be used to prevent 
overgrazing. 

If not drained this soil is too wet for tilled crops, 
but if drained, it is suited to most crops commonly 
grown in the survey area. Wheat, barley, oats, flax, 
and rye are the main crops. 

The hazard of soil blowing is slight if this soil is 
drained and tilled. Management should include the 
use of crop residue, stripcropping, cover crops, buffer 
strips, timely tillage, and fertilizer. These measures 
control erosion, conserve moisture, and maintain fer- 
tility. 

CAPABILITY UNIT II w-7 

The only mapping unit in this capability unit is 
Parnell silty clay loam. This soil is very poorly drained, 
deep, and nearly level. It has a moderately fine tex- 
tured surface layer, a fine textured subsoil, and a 
medium textured or moderately fine textured substra- 
tum. 

The available water capacity is high. Permeability 
is slow. The organic-matter content is high, and fer- 
tility is high. 

This soil is suited to native grasses. Native vege- 
tation includes slough sedge, rivergrass, prairie cord- 
grass, northern reedgrass, American mannagrass, and 
reed canarygrass. Grazing of native vegetation should 
be regulated so that no more than half of the annual 
growth of desirable plants is consumed. Deferring 
grazing and controlling distribution of water and salt 
can be used to prevent overgrazing. Fencing is needed 
in places to prevent overgrazing of slough sedge and 
rivergrass. 

If not drained, this soil is too wet for tilled crops, 
but if drained it is suited to most crops commonly 
grown in the survey area. Wheat, barley, oats, flax, 
and rye are the main crops. 

The hazard of water erosion is severe if this soil 
is drained and tilled. Crops are damaged by runoff 
from adjacent areas during heavy rainstorms. Man- 
agement should include careful design of drainage 
ditches and, in places, diversion of runoff received 
from adjacent areas. 


CAPABILITY UNIT II ]ws-4L 


This capability unit consists of nearly level, deep 
and moderately deep, somewhat poorly drained to very 
poorly drained, saline soils. These soils have a medium 
textured or moderately fine textured surface layer and 
a medium textured or moderately fine textured sub- 
stratum. They have a high content of lime in the upper 
part, and they range from moderately fine textured to 
coarse textured in the lower part. 

These soils contain soluble salts that are harmful 
to crops. They have a seasonal high water table. The 
available water capacity ranges from low to high. 
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Permeability ranges from moderate or very rapid to 
moderately slow, depending on the texture of the soil. 
The organic-matter content is high, and fertility is 
medium. 

These soils are suited to native grasses. Native vege- 
tation consists of big bluestem, little bluestem, prairie 
cordgrass, foxtail farley, and inland saltgrass. Graz- 
ing of native vegetation should be regulated so that 
no more than half of the annual growth of desirable 
plants is consumed. Deferring grazing and controlling 
distribution of water and salt can be used to prevent 
overgrazing. 

If not drained, these soils are too wet for tilled 
crops, but if drained, they can be used for salt-tolerant 
plants. The main salt-tolerant crops are barley, rye, 
wheat, sweetclover, and alfalfa. The seedlings, however, 
have a low tolerance. Tall wheatgrass, slender wheat- 
grass, and western wheatgrass are salt-tolerant grasses 
that are used for hay and pasture plantings. 

The hazard of soil blowing is severe if these soils 
are drained and tilled. Management should include the 
use of crop residue, stripcropping, buffer strips, cover 
crops, green-manure crops, fertilizer, and barnyard 
manure. Legumes and grasses should be included in 
the cropping system. These measures control erosion, 
conserve moisture, and maintain fertility. Fallow 
should be used only when needed for weed control. 


CAPABILITY UNIT ITIs—3 


This capability unit consists of somewhat poorly 
drained, moderately deep and deep, nearly level, cal- 
careous soils. These soils have a moderately coarse 
textured surface layer and a substratum medium- to 
coarse-textured that has a high content of lime in the 
upper part. 

Surface runoff is slow. The available water capacity 
ranges from low to high. Permeability is moderate 
to moderately rapid in the upper part and moderate 
to rapid in the lower part. The hazard of soil blowing 
is very severe. The organic-matter content is mod- 
erate or high, and fertility is medium. These soils 
have a seasonal high water table. 

These soils are suited to all crops commonly grown 
in the survey area, but: seeding is delayed in places 
because of wetness. Barley, wheat, oats, flax, and rye 
are the main crops. Corn, alfalfa, and bromegrass 
are grown for silage, hay, and pasture on farms where 
livestock is raised. Grazing of native vegetation should 
be regulated so that no more than half of the annual 
erowth of desirable plants is consumed. Deferring 
grazing and controlling distribution of water and salt 
can be used to prevent overgrazing. 

Management should include the use of crop residue, 
cover crops, field windbreaks, buffer strips, stripcrop- 
ping, fertilizer, and barnyard manure to control ero- 
sion, conserve moisture, and maintain fertility. Crop 
response to phosphate fertilizer is especially good on 
these soils. Including sweetclover in the rotation helps 
to lower the water table and if plowed under it im- 
proves soil tilth. Fallow should be used only when 
needed to control weeds or to follow a crop of sweet- 
clover. Draining shallow depressions aids in tillage. 


CAPABILITY UNIT ITIs—4L 
This capability unit consists of somewhat poorly 
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drained, moderately deep, nearly level and gently un- 
dulating, calcareous Divide soils. These soils are me- 
dium textured in the surface layer and in the upper 
part of the substratum but coarse textured in the lower 
part of the substratum. The upper part of the sub- 
stratum contains a large amount of lime, and in a few 
areas, the lower part is glacial till. 

Surface runoff is slow to medium. The available wa- 
ter capacity is low. Permeability is moderate in the 
surface layer and in the upper part of the substratum 
but very rapid in the lower part of the substratum. 
The hazard of soil blowing is severe. The organic- 
matter content is high, and fertility is medium. These 
soils have a seasonal high water table. 

These soils are suited to most crops commonly 
grown in the survey area, but seeding is delayed in 
places because of wetness. Barley, wheat, oats, flax, 
and rye are the main crops. Corn, alfalfa, and brome- 
grass are grown for silage, hay, and pasture on farms 
where livestock is raised. Grazing of native vegetation 
should be regulated so that no more than half of the 
annual growth of desirable plants is consumed. Defer- 
ring grazing and controlling distribution of water and 
salt can be used to prevent overgrazing. 

Management should include the use of cover crops, 
crop residue, stripcropping, field windbreaks, buffer 
strips, timely tillage, green-manure crops, fertilizer, 
and barnyard manure. These measures control erosion, 
conserve moisture, and maintain fertility. Crop re- 
sponse to phosphate fertilizer is especially good on 
these soils. Fallow should be used only when needed to 
control weeds or to follow a crop of sweetclover. 


CAPABILITY UNIT HIs-5 


This capability unit consists of well drained and 
moderately well drained, shallow and moderately deep, 
nearly level soils. These soils have a medium-textured 
surface layer and subsoil and a coarse-textured sub- 
stratum. 

Surface runoff is slow. The available water capacity 
is low, and permeability is moderately rapid in the 
surface layer and subsoil and very rapid in the sub- 
stratum. The hazard of soil blowing is moderate. The 
organic-matter content is high, and fertility is medium. 

These soils are suited to all crops commonly grown 
in the survey area, Wheat, barley, oats, flax, and rye 
are the main crops. Corn, alfalfa, and bromegrass are 
grown for silage, hay, and pasture on farms that raise 
livestock. Deferring grazing and controlling distribu- 
tion of water and salt are needed in areas of native 
grass to maintain forage production. 

Management should include the use of crop residue, 
cover crops, field windbreaks, stripcropping, fertilizer, 
and barnyard manure. These measures control ero- 
sion, conserve moisture, and maintain fertility. 


CAPABILITY UNIT IfIs-5P 

This capability unit consists of well drained, mod- 
erately well drained, and somewhat poorly drained, 
deep, nearly level and gently undulating Cathay and 
Heimdal soils. Cathay soils have a medium-textured 
surface layer, a moderately fine textured, sodie sub- 
soil, and a medium-textured substratum. Heimdal soils 
have medium texture throughout. 

Surface runoff is slow to medium. The available wa- 
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ter capacity is high. Permeability is moderate to slow. 
The hazard of soil blowing is moderate. The organic- 
matter content is high, and fertility is medium. 

These soils are suited to all crops commonly grown 
in the survey area. Wheat, barley, flax, oats, and rye 
are the main crops. Corn, bromegrass, and alfalfa are 
grown for silage, hay, and pasture on farms where 
livestock is raised. Deferring grazing and controlling 
distribution of water and salt are needed to maintain 
forage production in areas of native grass. 

Tillage that mixes the sodic subsoil with the surface 
layer results in surface crusting when the soil. dries. 
This surface crust hinders the emergence of seedlings, 
especially for such crops as flax. A perched water ta- 
ble forms above the sodic subsoil during periods of 
heavy precipitation, and it causes wetness that delays 
tillage. Management should include the use of crop 
residue, timely tillage, stripcropping, buffer strips, 
green-manure crops, fertilizer, and barnyard manure. 
These measures control erosion, conserve moisture, and 
maintain fertility. Including grasses and legumes in 
the cropping system increases soil parmeability and 
improves tilth. 


CAPABILITY UNIT IIIs-6 


This capability unit consists of well drained, mod- 
erately well drained, and somewhat excessively 
drained, moderately deep and shallow, nearly level 
soils. These soils have a medium-textured surface layer 
and subsoil and a coarse-textured substraum. In some 
areas the lower part of the substratum is glacial till. 

Surface runoff is slow. The available water capacity 
is low or moderate, but a few areas of Svea loam, cob- 
bly variant, have high available water capacity. Per- 
meability is moderate or moderately rapid in the sur- 
face layer and subsoil. It is rapid or very rapid in the 
substratum in the places where the soil material is 
coarse textured, but it is moderate or moderately slow 
in the lower part of the substratum in the places where 
the soil material is glacial till, The hazard of soil blow- 
ing is slight. The organic-matter content is moderate 
or high, and fertility is medium or high. 

These soils are suited to all crops commonly grown 
in the survey area. Wheat, barley, oats, flax, and rye 
are the main crops. Corn, alfalfa, and bromegrass are 
grown for silage, hay, and pasture on farms where 
livestock is raised. Deferring grazing and controlling 
distribution of water and salt are needed in areas of 
native grass to maintain forage production. 

Management should include the use of crop residue, 
cover crops, stripcropping, buffer strips, field wind- 
breaks, and fertilizer. These measures control erosion, 
conserve moisture, and maintain fertility. Fallow 
should be used only when needed for weed control. 


CAPABILITY UNIT Hts-6P 


This capability unit consists mainly of somewhat 
poorly drained to well drained, deep and moderately 
deep, nearly level and gently undulating soils. These 
soils have a medium-textured surface layer, a mod- 
erately fine textured, sodic subsoil, and a medium tex- 
tured or moderately fine textured substratum. In many 
areas, this unit also has well drained and moderately 
well drained, deep and moderately deep, nearly level 
and gently undulating Edgeley and Svea soils. The 
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Edgeley and Svea soils have a medium-textured sur- 
face layer, a medium-textured or moderatly fine tex- 
tured, nonsodic subsoil, and a medium-textured or 
moderately fine textured substratum. Edgeley soils are 
underlain by shale. 

Surface runoff is slow to medium, The available wa- 
ter capacity is moderate or high. Permeability ranges 
from moderate to very slow. The hazard of soil 
blowing is slight. The organic-matter content is high, 
and fertility ranges from low to high. 

These soils are suited to most crops commonly grown 
in the survey area, but the soils that have a sodie sub- 
soil are less suited than other soils. Wheat, barley, 
oats, and rye are the main crops. Grasses and legumes 
are grown for hay and pasture on farms where live- 
stock is raised. Deferring grazing and controlling dis- 
tribution of water and salt are needed to maintain 
forage production in areas of native grass. 

Tillage that mixes the sodic subsoil with the surface 
layer results in surface crusting when the soil dries. 
This surface crusting hinders the emergence of seed- 
lings, especially for such crops as flax. A perched 
water table forms above the sodic subsoil during per- 
iods of heavy precipitation, and it causes wetness that 
delays tillage. Management should include the use of 
stripcropping, cover crops, crop residue, buffer strips, 
grassed waterways, and fertilizer. These measures 
control erosion, conserve moisture, and maintain 
fertility. The use of green-manure crops and barn- 
yard manure, and the inclusion of grasses and le- 
gumes in the cropping system help improve tilth and 
permeability. Fallow should be used only when needed 
to contro! weeds or to follow grasses or legumes, Drain- 
ing shallow depressions aids in tillage. 


CAPABILITY UNIT Wilaw-3 

The only mapping unit in this capability unit is 
Wyrene-Totten sandy loams. Wyrene soils are mod- 
erately deep, somewhat poorly drained, and calcareous. 
They have a moderately coarse textured surface layer, 
and the lower part of their substratum is coarse tex- 
tured. The upper part of the substratum contains a 
large amount of lime. Totten soils are moderately deep 
and are poorly drained and very poorly drained. They 
have a moderately coarse textured surface layer, a 
moderately fine textured sodic subsoil, and a coarse- 
textured substratum. 

The available water capacity is low. The organic- 
matter content is medium, and fertility is low or mod- 
erate. For Wyrene soils permeability is moderately 
rapid in the surface layer and upper part of the sub- 
stratum and rapid in the lower part of the substratum. 
For Totten soils it is moderately slow in the sodic sub- 
soil and rapid in the substratum. 

These soils are suited to native grasses. Native vege- 
tation includes western wheatgrass, prairie junegrass, 
inland saltgrass, big bluestem, prairie cordgrass, and 
sedges. Grazing of native vegetation should be regu- 
lated so that no more than half of the annual growth 
of desirable plants is consumed. Deferring grazing, 
controlling distribution of water and salt, and fencing 
to concentrate grazing can be used to prevent over- 
grazing. 

If not drained, these soils are too wet for tilled crops, 
but if drained, they are suited to barley, wheat, and 
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oats. The soils that have a sodic subsoil are less suited 
to these crops than other soils. Bromegrass and al- 
falfa are grown for silage, hay, and pasture on farms 
where livestock is raised. 

The hazard of soil blowing is very severe if these 
soils are drained and tilled. Tillage that mixes the sodic 
subsoil with the surface layer results in surface crust- 
ing when the soil dries. This surface crust hinders the 
emergence of seedlings, especially for such crops as 
flax. A perched water table forms above the sodic sub- 
soil during periods of heavy precipitation, and it causes 
wetness that delays tillage. Management should in- 
clude the use of stripcropping, cover crops, buffer 
strips, crop residue, and fertilizer. These measures con- 
trol erosion, conserve moisture, and maintain fertility. 
Growing green-manure crops, applying barnyard ma- 
nure, and including grasses and legumes in the 
cropping system improve soil tilth and permeability. 
Fallow should be used only when needed for weed con- 
trol or to follow grasses and legumes. 


CAPABILITY UNIT 1Ve-2 


This capability unit consists of well drained, mod- 
erately well drained, and somewhat poorly drained, 
deep, nearly level and gently sloping soils. These soils 
are coarse textured throughout the profile. 

Surface runoff is slow to medium. The available wa- 
ter capacity is low, and permeability is rapid. The 
hazard of soil blowing is very severe. The organic- 
matter content is moderate or low, and fertility is 
medium or low. 

These soils are suited to all crops commonly grown 
in the survey area. Wheat, oats, barley, flax, and rye 
are the main crops. Native vegetation includes prairie 
sandreed, needleandthread, sun sedge, prairie june- 
grass, and purple prairie-clover. Grazing of native 
vegetation should be regulated so that no more than 
half of the annual growth of desirable plants is con- 
sumed, Deferring grazing and controlling distribution 
of water and salt can be used to prevent overgrazing. 
Wheatgrass, bromegrass, and alfalfa are grown for 
silage, hay, and pasture on farms where livestock is 
raised. 

Management should include the use of crop residue, 
buffer strips, stripcropping, field windbreaks, cover 
crops, minimum tillage, fertilizer, barnyard manure, 
and green-manure crops. These measures control ero- 
sion, conserve moisture, and maintain fertility. Fallow 
should be used only when needed for weed control. 


CAPABILITY UNIT [Ve-3 


This capability unit consists of well-drained and ex- 
cessively drained, deep, nearly level to moderately steep 
soils. These soils have a moderately coarse textured 
surface layer, They are moderately coarse textured or 
coarse textured immediately below the surface layer 
and coarse textured in the lower part of the soil. 

Surface runoff ranges from slow to very rapid. The 
available water capacity ranges from very low to mod- 
erate, and permeability is rapid or moderately rapid. 
The hazard of soil blowing is very severe. The organic- 
matter content is low or moderate, and fertility ranges 
from very low to medium. 

These soils are suited to all crops commonly grown 
in the survey area. Wheat, oats, barley, rye, and flax 
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are the main crops. Native vegetation includes prairie 
sandreed, needleandthread, sun sedge, prairie june- 
grass, and purple prairieclover. Grazing of native veg- 
etation should be regulated so that no more than half 
of the annual growth of desirable plants is consumed. 
Deferring grazing and controlling distribution of wa- 
ter and salt can be used to prevent overgrazing. 
Bromegrass, wheatgrass, and alfalfa are grown for 
silage, hay, and pasture on farms where livestock is 
raised. 

Management should include the use of crop residue, 
cover crops, stripcropping, buffer strips, field wind- 
breaks, grassed waterways, minimum tillage, contour 
farming, fertilizer, barnyard manure, and green- 
manure crops. These measures contro] erosion, con- 
serve moisture, and maintain fertility. Fallow should 
be used only when needed for weed -control. 


CAPABILITY UNIT IVe-3M 

This capability unit consists of well drained and 
moderately well drained, deep, sloping and moderately 
steep soils. These soils have a moderately coarse tex- 
tured surface layer. Below the surface layer, the tex- 
ture is coarse to medium in the upper part and coarse 
to moderately fine in the lower part. 

Surface runoff is rapid or very rapid. The available 
water capacity ranges from low to high. Permeability 
is rapid or moderately rapid in the upper part of the 
profile, and it is rapid to moderately slow in the lower 
part of the profile. The hazard of soil blowing is very 
severe. The organic-matter content is moderate or high, 
and fertility ranges from low to medium. 

These soils are suited to all crops commonly grown 
in the survey area, Wheat, oats, barley, rye, and flax 
are the main crops. Native vegetation includes prairie 
sandreed, needleandthread, sun sedge, prairie june- 
grass, and purple prairieclover, Grazing of native 
vegetation should be regulated so that no more than 
half of the annual growth of desirable plants is con- 
sumed. Bromegrass, wheatgrass, and alfalfa are grown 
for silage, hay, and pasture on farms where livestock 
is raised. 

Management should include the use of crop residue, 
cover crops, stripcropping, buffer strips, field wind- 
breaks, grassed waterways, minimum tillage, contour 
farming, fertilizer, barnyard manure, and green- 
manure crops. These measures control erosion, con- 
serve moisture, and maintain fertility. Fallow should 
be used only when needed for weed control. 


CAPABILITY UNIT I'Ve-5 


The only mapping unit in this capability unit is 
Heimdal-Emrick-Esmond loams, 9 to 15 percent slopes. 
These soils are well drained and moderately well 
drained, deep, and moderately steep, They are medium 
textured throughout the soil profile. 

Surface runoff is very rapid. The available water 
capacity is high, and permeability is moderate. The 
hazard of soil blowing is moderate. The organic-matter 
content is moderate or high, and fertility is low or 
medium. 

These soils are suited to close-growing crops, but in 
most areas only the less sloping soils are tilled. Wheat, 
barley, oats, and rye are the main crops. Alfalfa, 
bromegrass, and wheatgrass are included in most crop- 
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ping systems. Native vegetation includes western 
wheatgrass, needleandthread, green needlegrass, prai- 
rie junegrass, and bearded wheatgrass. Grazing of na- 
tive vegetation should be regulated so that no more 
than half of the annual growth of desirable plants is 
consumed. 

Management should include the use of grassed wa- 
terways, diversions, contour farming, crop residue, 
buffer strips, cover crops, fertilizer, and barnyard ma- 
nure. These measures control erosion, conserve mois- 
ture, and maintain fertility. Fallow should be used 
only when needed for weed control. 


CAPABILITY UNIT IVes-3 


This capability unit consists of excessively drained 
and somewhat excessively drained, shallow and very 
shallow, sloping soils. These soils have a moderately 
coarse textured surface layer. Below the surface layer, 
the texture of these soils is moderately coarse or coarse 
in the upper part and coarse in the lower part. 

Surface runoff is rapid. The available water capacity 
is low or very low. Permeability is moderately rapid 
or very rapid in the upper part of the soil and very 
rapid in the lower part. The hazard of soil blowing is 
very severe. The organic-matter content ranges from 
low to moderate, and fertility is low or medium. 

These soils are suited to close-growing crops. Wheat, 
oats, barley, and rye are the main crops. Alfalfa, brome- 
grass, and wheatgrass are grown as a part of most 
cropping systems. Native vegetation includes little 
bluestem, needleandthread, blue grama, plains muhly, 
prairie junegrass, and purple prairieclover. Grazing 
of native vegetation should be regulated so that no 
more than half of the annual growth of desirable 
plants is consumed. Deferring grazing and controlling 
distribution of water and salt can be used to prevent 
overgrazing. 

Management should include the use of crop residue, 
buffer strips, cover crops, grassed waterways, diver- 
sions, contour farming, fertilizer, and barnyard ma- 
nure, These measures control erosion, conserve mois- 
ture, and maintain fertility. Fallow should be used 
only when needed for weed control. 


CAPABILITY UNIT IV¥w-2 


This capability unit consists of somewhat poorly 
drained, deep, nearly level Hamar soils. These soils are 
coarse textured. 

The available water capacity is low. Permeability 
is rapid, The organic-matter content is moderate, and 
fertility is medium. The hazard of soil blowing is very 
severe. 

These soils are suited to native grasses. If not 
drained, they are too wet for tilled crops, but if drained, 
these soils are suited to all crops commonly grown in 
the survey area. Wheat, oats, barley, flax, and rye are 
the main crops. Native vegetation includes switchgrass, 
prairie cordgrass, big bluestem, indiangrass, Maximil- 
ian sunflower, tall gayfeather, and meadow parsnip. 
Grazing of native vegetation should be regulated so 
that no more than half of the annual growth of de- 
sirable plants is consumed. Deferring grazing, con- 
trolling distribution of water and salt, and fencing 
can be used to prevent overgrazing. Bromegrass and 
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alfalfa are grown for silage, hay, and pasture on live- 
stock farms. 

Management should include the use of crop residue, 
cover crops, stripcropping, buffer strips, field wind- 
breaks, minimum tillage, green-manure crops, fertili- 
zer, and barnyard manure. Grasses and legumes should 
be included in the cropping system. These measures 
control erosion, conserve moisture, and maintain fer- 
tility. Fallow should be used only when needed to con- 
trol weeds or to follow a crop of grasses or legumes. 


CAPABILITY UNIT 1Vws-3 


This capability unit consists of poorly drained and 
very poorly drained, deep and moderately deep, nearly 
level soils. They have a moderately coarse textured 
surface layer, a moderately coarse textured to mod- 
erately fine textured, sodice subsoil, and a coarse tex- 
tured substratum. 

The available water capacity is low and permeabil- 
ity is moderately slow in the subsoil and moderately 
rapid or rapid in the substratum. The organic-matter 
content is moderate, and fertility is low. The hazard of 
soil blowing is very severe. 

These soils are suited to native grasses. Native veg- 
etation includes switchgrass, prairie cordgrass, big 
bluestem, indiangrass, Maximilian sunflower, tall gay- 
feather, meadow parsnip, and inland saltgrass. Graz- 
ing of native vegetation should be regulated so that 
no more than half of the annual growth of desirable 
plants is consumed. Deferring grazing, controlling dis- 
tribution of water and salt, and fencing to concen- 
trate grazing can be used to prevent overgrazing. 

If not drained, these soils are too wet for tilled crops, 
but if drained, they can be used for salt-tolerant crops. 
The main crops are barley, oats, and wheat, Wheat- 
grass, bromegrass, and alfalfa are included in most 
cropping systems. 

Tillage is often delayed because of wetness. These 
soils have a high water table, and they receive run- 
off from adjacent areas. Tillage that mixes the subsoil 
with the surface layer results in surface crusting when 
the soil drys. This surface crust hinders the emergence 
of seedlings, especially for such crops as flax. Manage- 
ment should include the use of crop residue, buffer 
strips, cover crzps, green-manure crops, fertilizer, and 
barnyard manure. These measures control erosion, 
conserve moisture, and maintain fertility. Grasses or 
legumes should be included in the cropping system, 
and the plowing under of sweetclover improves soil 
tilth and permeability. Fallow should be used only when 
needed to control weeds or to follow a crop of grasses 
or legumes. 


CAPABILITY UNIT [Vws-6 


This capability unit consists of poorly drained and 
very poorly drained, moderately deep, nearly level Tot- 
ten loam. This soil has a medium-textured surface 
layer, a moderately fine textured sodie subsoil and 
mainly a coarse-textured substratum, but in some areas, 
the lower part of the substratum is glacial till. 

The available water capacity is low. Permeability is 
moderately slow in the subsoil and rapid in the sub- 
stratum. The organic-matter content is moderate, and 
fertility is low. The hazard of soil blowing is slight. 

This soil is suited to native grasses. Native vegeta- 
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tion includes switchgrass, prairie cordgrass, big blue-, 
stem, indiangrass, Maximilian sunflower, tall gay- 
feather, meadow parsnips, and inland saltgrass. Graz- 
ing of native vegetation should be regulated so that 
no more than half of the annual growth of desirable 
plants is consumed. Deferring grazing, controlling 
distribution of water and salt, and fencing to concen- 
trate grazing can be used to prevent overgrazing. 

If not drained, this soil is too wet for tilled crops, 
but if drained, it is suited to barley, oats, wheat, and 
other salt-tolerant crops. Wheatgrass, bromegrass, 
and alfalfa are included in most cropping systems. 

Wetness caused by a high water table and the pond- 
ing of surface runoff often delays tillage. Tillage that 
mixes the subsoil with the surface layer results in sur- 
face crusting when the soil dries. This surface crust 
hinders the emergence of seedlings, especially for such 
crops as flax (fig. 18). Management should include the 
use of crop residue, stripcropping, buffer strips, cover 
crops, green-manure crops, fertilizer, and barnyard 
manure. These measures control erosion, conserve 
moisture, and maintain fertility. Growing grasses and 
legumes and the plowing under of sweetclover improves 
soil tilth and permeability. Fallow should be used only 
when needed to control weeds or to follow a crop of 
grasses or legumes. 


CAPABILITY UNIF I¥s-2 

The only mapping unit in this capability unit is Min- 
newaukan loamy fine sand, 6 to 9 percent slopes. This 
soil is poorly drained, deep, sloping and coarse tex- 
tured. 

Surface runoff is rapid. The available water capacity 
is low, and permeability is rapid. The hazard of soil 
blowing is very severe. The organic-matter content is 
low, and fertility is low. 

This soil is suited to close-growing crops. Barley, 
oats, millet, alfalfa, and bromegrass are the main crops. 
Tillage is often delayed because of wetness. Native 
vegetation includes prairie cordgrass, little bluestem, 
Maximilian sunflower, nuttall alkaligrass, inland salt- 
grass, and bluegrass. Grazing of native vegetation 


Figure 18.—Because the soil contains salts and has a dense sub- 
soil, the rye has not grown in some spots and has grown un- 
evenly in the rest of this field. 
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should be regulated so that no more than half of the 
annual growth of desirable plants is consumed. Defer- 
ring grazing, controlling distribution of water and salt, 
and fencing to concentrate grazing can be used to 
prevent overgrazing. 

Management should include the use of grassed: wa- 
terways, diversions, cover crops, crop residue, mini- 
mum tillage, buffer strips, green-manure crops, ferti- 
lizer, and barnyard manure. Grasses and legumes 
should be included in the cropping system. These mea- 
sures control erosion, conserve moisture, and maintain 
fertility. Fallow should be used only when needed for 
weed control. 


CAPABILITY UNIT I'¥5-4.L 

The only mapping unit in this capability unit is Lal- 
lie silty clay loam. This soil is poorly drained and very 
poorly drained, deep, and nearly level. It has a medium 
textured or moderately fine textured surface layer and 
a moderately fine textured or fine textured substratum 
that has a high content of lime in the upper part. 

The available water capacity is moderate. Permea- 
bility is slow. The organic-matter content is moderate, 
and fertility is low. The hazard of soil blowing is se- 
vere. 

This soil is suited to such salt-tolerant crops as bar- 
ley, oats, alfalfa, and wheatgrass. Tillage is often de- 
layed because wetness and water ponds in low areas 
during periods of heavy precipitation. Native vegeta- 
tion includes prairie cordgrass, little bluestem, Maxi- 
milian sunflower, rivergrass, nuttall alkaligrass, in- 
land saltgrass, and bluegrass. Grazing of native vege- 
tation should be regulated so that no more than half 
of the annual growth of desirable plants is consumed. 
Deferring grazing, controlling distribution of water 
and salt, and fencing to concentrate grazing can be 
used to prevent overgrazing. Tall wheatgrass, slender 
wheatgrass, and western wheatgrass are well suited to 
this soil. 

Wetness caused by a high water table and the pond- 
ing of runoff often delays tillage. Management should 
include the use of crop residue, cover crops, buffer 
strips, timely tillage, green-manure crops, fertilizer, 
and barnyard manure. Grasses and legumes should be 
included in the cropping system, These measures con- 
trol erosion, conserve moisture, and maintain fertility. 
Fallow should be used only when needed to control 
weeds or to follow a crop of grass or legumes. 


CAPABILITY UNIT IVs-6P 


This capability unit consists of moderately well 
drained, somewhat poorly drained, and poorly drained, 
deep, nearly level soils. These soils have a medium tex- 
tured or moderately fine textured surface layer, a mod- 
erately fine textured, sodic subsoil, and mainly a me- 
dium textured or moderately fine textured substratum, 
but in a few areas, they are coarse textured in the 
lower part of the substratum. 

Surface runoff is slow. The available water capacity 
ranges from low to high, and permeability is slow or 
very slow. The hazard of soil blowing is slight. The 
organic-matter content is high, and fertility is low or 
medium, 

These soils are suited to salt-tolerant crops. Barley, 
wheat, and oats are the main crops. Grasses and le- 
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gumes are grown as part of most cropping systems. 
Native vegetation includes western wheatgrass, needle- 
andthread, blue grama, sandberg bluegrass, green 
needlegrass, and inland saltgrass. Grazing of native 
vegetation should be regulated so that no more than 
half of the annual growth of desirable plants is con- 
sumed, Deferring grazing, controlling distribution of 
water and salt, and fencing can help prevent over- 
grazing. 

Wetness caused by a high water table and the pond- 
ing of surface runoff delays tillage in some areas. 
Tillage that mixes the sodie subsoil with the surface 
layer results in surface crusting when the soil dries. 
This surface crust hinders the emergence of seedlings, 
especially for such crops as flax. Management should 
include the use of crop residue, cover crops, buffer 
strips, green-manure crops, fertilizer, and barnyard 
manure. These measures control erosion, conserve 
moisture, and maintain fertility. The plowing under of 
grasses and legumes improves tilth and permeability. 
Draining shallow depressions aids in tillage. Fallow 
should be used only when needed to control weeds or 
to follow a crop of grasses or legumes. 


CAPABILITY UNIT Vw-8 


This capability unit consists mainly of very wet, 
poorly drained and very poorly drained, deep and mod- 
erately deep, nearly level soils, but there are areas of 
very wet marsh and peat. These soils have a medium 
textured, moderately fine textured, or moderately 
coarse textured surface layer and a coarse- to fine- 
textured substratum, but in many places, the upper 
part of the substratum contains a large amount of 
lime. In a few areas they have a sodic subsoil. A few 
inches to several feet of organic matter has accumu- 
lated on the surface. 

These soils have a high water table. The available 
water capacity ranges from low to high, Permeability 
ranges from slow to rapid. The organic-matter con- 
tent is high in most areas, but it is moderate in other 
areas where the soils are coarser textured. The fer- 
tility is medium or low. 

These soils are suited to native grasses. They are 
too wet for tilled crops, and drainage is not feasible. 
Native vegetation includes slough sedge, rivergrass, 
longrooted smartweed, reed canarygrass, prairie cord- 
grass, asters, bulrushes, and cattails. Grazing of na- 
tive vegetation should be regulated so that no more 
than half of the annual growth of desirable plants is 
consumed. Deferring grazing and controlling distribu- 
tion of water and salt can help prevent overgrazing. 
Larger areas of these soils should be fenced separately 
to prevent grazing when these soils are very wet and 
to force grazing of the heavy growth when they are 
dry enough to be grazed. During wet years these soils 
are suited only to wildlife habitat. 


CAPABILITY UNIT Vie-2 


This capability unit consists of moderately well 
drained, well drained, and excessively drained, deep, 
moderately steep to very steep and coarse textured 
soils. 

The available water capacity is low or very low. Per- 
meability is rapid. The organic-matter content is low 
or moderate, and fertility is low or medium. 
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These soils are suited to native grasses and are used 
for pasture and hay. They are too steep for cultivated 
crops. Areas now tilled should be returned to native 
vegetation. Native vegetation includes prairie sand- 
reed, sand bluestem, needleandthread, prairie june- 
grass, and sand dropseed. Grazing should be regulated 
so that no more than half of the annual growth of de- 
sirable plants is consumed. Deferring grazing and con- 
trolling distribution of water and salt can help 
prevent overgrazing. 


CAPABILITY UNIT Vle-3 


This capability unit consists of well drained and 
moderately well drained, deep, steep and very steep 
soils. These soils have a moderately coarse textured 
surface layer, a moderately coarse textured or me- 
dium textured subsoil, and a medium textured to 
coarse, textured substratum. 

The available water capacity is moderate or high. 
Permeability is moderate or moderately rapid. The 
organic-matter content is high. and fertility is medium. 

These soils are suited to native grasses and are used 
for pasture and hay. They are too steep for tilled crops. 
Areas now tilled should be returned to native vegeta- 
tion. Native vegetation includes prairie sandreed, 
needleandthread, prairie junegrass, threadleaf sedge, 
and forbs. Grazing should be regulated so that no more 
than half of the annual growth of desirable plants is 
consumed, Deferring grazing and controlling distribu- 
tion of water and salt can help prevent overgrazing. 


CAPABILITY UNIT Vie—5 


This capability unit consists of well drained and 
moderately well drained, deep, steep soils. They are 
medium textured. 

The available water capacity is high. Permeability 
is moderate. The organic-matter content is moderate 
ov high, and fertility is low or medium. 

These soils are suited to native grasses, They are too 
steep for tilled crops. Areas now tilled should be re- 
turned to native vegetation. Native vegetation includes 
western wheatgrass, needleandthread, green needle- 
grass, and prairie junegrass. Grazing should be regu- 
lated so that no more than half of the annual growth 
of desirable punts is consumed. Deferring grazing and 
controlling distribution of water and salt can help 
prevent overgrazing. 


CAPABILITY UNIT Vie-6 


The dominant soils in this capability unit are well 
drained, deep, and sloping to very steep. The minor 
soils include some that are moderately well drained 
and deep, and some that are excessively drained and 
well drained and shallow and very shallow. The domi- 
nant soils have a medium-textured surface layer, Be- 
low the surface layer they are medium textured or 
moderately fine textured. The minor soils have a me- 
dium textured or moderately coarse textured surface 
layer, and below the surface layer they are from coarse 
textured to medium textured in the upper part and 
coarse textured or bedded shale in the lower part. 

The dominant soils have a high available water ca- 
pacity and moderate or moderately slow permeability. 
They have moderate or high organic-matter content 
and low or medium fertility. 
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These soils are suited to native grasses. They are 
too steep for tilled crops. Areas now tilled should be 
returned to native vegetation. Native vegetation in- 
cludes little bluestem, plains muhly, side-oats grama, 
plains reedgrass, thickspike wheatgrass, stiff sunflower, 
and dotted gayfeather. Grazing of native vegetation 
should be regulated so that no more than half of the 
annual growth of desirable plants is consumed. Defer- 
ring grazing and controlling distribution of water and 
salt can help prevent overgrazing. 


CAPABILITY UNIT Vies-2 


This capability unit consists of moderately well 
drained, somewhat poorly drained and excessively 
drained, deep, nearly level and gently sloping, coarse 
textured soils. 

The available water capacity is very low or low. 
Permeability is rapid. The organic-matter content is 
low or moderate, and fertility ranges from very low 
to medium. 

These soils are suited to native grasses. They are not 
suited to tilled crops because of their coarse texture, 
low or very low available water capacity, and rapid 
permeability. Because the hazard of soil blowing is 
very severe, areas that are now tilled should be re- 
turned to native grasses. Native vegetation varies with 
the degree of drainage. On the excessively drained 
soils, which are dominant in this unit, the vegetation 
includes sand bluestem, sand dropseed, field sagewort, 
sun sedge, leadplant amorpha, and Canada wildrye. 
On the moderately well drained soils, it includes prai- 
rie sandreed, needleandthread, sun sedge, prairie june- 
grass, and purple prairieclover. On the somewhat 
poorly drained soils, it includes switchgrass, prairie 
cordgrass, big bluestem, indiangrass, Maxmilian sun- 
flower, and tall gayfeather. Grazing of native vegeta- 
tion should be regulated so that no more than half of 
the annual growth of desirable plants is consumed. 
Deferring grazing and controlling distribution of wa- 
ter and salt can help prevent overgrazing. 


CAPABILITY UNIT Viles-5 


The dominant soils in this unit are well drained, 
shallow, and moderately steep to very steep. Among 
the minor soils are excessively drained, very shallow 
soils and well-drained, moderately deep soils. All of 
these soils have a medium-textured surface layer. Be- 
low the surface layer they are medium textured, mod- 
erately fine textured, or coarse textured in the upper 
part and either coarse textured or bedded shale in 
the lower part. 

The dominant soils have a very low available water 
capacity and moderate permeability. They have high 
organic-matter content and low fertility. 

These soils are suited to native grasses. They are too 
steep or too shallow for tilled crops. Areas now tilled 
should be returned to native grass. Native vegetation 
on the dominant soils includes little bluestem, plains 
muhly, needleandthread, blue grama, threadleaf sedge, 
dotted gayfeather, stiff sunflower, purple coneflower, 
and purple prairieclover. Grazing should be regulated 
so that no more than half of the annual growth of de- 
sirable plants is consumed. Deferring grazing and con- 
trolling distribution of water and salt can help prevent 
overgrazing. 
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CAPABILITY UNIT View-6 

The only mapping unit in this capability unit is the 
La Prairie-Lamoure complex. These soils are deep and 
nearly level. The La Prairie soil is moderately well 
drained, and the Lamoure soil is poorly drained. These 
soils are medium textured or moderately fine textured 
but in some areas the Lamoure soil has a fine-textured 
subsoil. 

The available water capacity is high. Permeability 
is moderate. The organic-matter content is high, and 
fertility is medium or high. 

These soils are suited to native grasses. The Lamoure 
soil is too wet for tilled crops and areas of the La 
Prairie soil are too small to be tilled separately, Areas 
now tilled should be returned to native grass. On the 
La Prairie soil the native vegetation includes western 
wheatgrass, needleandthread, green needlegrass, prai- 
rie junegrass, and bearded wheatgrass. On the Lamoure 
soil it includes switchgrass, prairie cordgrass, big 
bluestem, indiangrass, and Maximilian sunflower. 
Grazing of native vegetation should be regulated so 
that no more than half of the annual growth of de- 
sirable plants is consumed. Deferring grazing and con- 
trolling distribution of water and salt can help prevent 
overgrazing. 


CAPABILITY UNIT VIw-4. 


This capability unit consists of poorly drained and 
somewhat poorly drained, deep, nearly level soils. The 
dominant soils in this unit have a medium textured 
or moderately fine textured surface layer, a mod- 
erately fine textured or fine textured sodic¢ subsoil, and 
a moderately fine textured or fine textured substratum. 
Lemert soils have a medium-textured or moderately 
coarse textured surface layer, a moderately coarse tex- 
tured, sodic subsoil, and a coarse textured substratum. 
The minor soils in this unit are poorly drained, deep, 
nearly level Lamoure soils that have a medium tex- 
tured or moderately fine textured surface layer, a mod- 
erately fine textured or fine textured sodie subsoil, and 
moderately fine textured substratum. 

The dominant soils have a low available water capac- 
ity. Permeability is very slow or slow in the subsoil 
and rapid in the substratum. The organic-matter con- 
tent is high, and fertility is low. 

These soils are suited to native grasses. They are 
not suited to tilled crops because they have a sodic 
subsoil, a low available water capacity, very slow or 
slow permeability, and wetness caused by a high water 
table. Areas now tilled should be returned to native 
vegetation. Native vegetation includes blue grama, 
western wheatgrass, needleandthread, buffalograss, 
sandbere bluegrass, needleleaf sedge, and inland galt- 
grass. Grazing of native vegetation should be regu- 
lated so that no more than half of the annual growth 
of desirable plants is consumed. Deferring grazing, 
controlling distribution of water and salt, and fencing 
that concentrates grazing can help prevent overgraz- 
ing and grazing when the soils are too wet. 


CAPABILITY UNIT VIs-3 
This capability unit consists of excessively drained 
and somewhat excessively drained, shallow and very 
shallow, nearly level to moderately steep soils. These 
soils have a moderately coarse textured surface layer 
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and mainly a coarse textured substratum. The Bin- 
ford soils have a moderately coarse textured subsoil. 

The available water capacity is low or very low. 
Permeability is very rapid, except in Binford soils 
where it is moderately rapid in the surface layer and 
subsoil and very rapid in the substratum. The organic- 
matter content ranges from low to moderate, and fer- 
tility is low or medium. 

These soils are suited to native grasses. Because of 
the shallowness and the slope, they are not suited to 
tilled crops. Areas now tilled should be returned to 
native vegetation. Native vegetation includes needle- 
andthread, blue grama, threadleaf sedge, red three- 
awn, plains muhly, common winterfat, and fringed 
sage. Grazing of native vegetation should be regulated 
so that no more than half of the annual growth of 
desirable plants is consumed. Deferring grazing and 
controlling distribution of water and salt can help pre- 
vent overgrazing. 


CAPABILITY UNIT VIs-6P 


This capability unit consists of moderately well 
drained and somewhat poorly drained, deep and mod- 
erately deep, nearly level soils. These soils have a me- 
dium textured or moderately fine textured surface 
layer, a moderately fine textured or fine textured, sodic 
subsoil, and mainly a medium textured to fine tex- 
tured substratum, but in some areas the lower part of 
the substratum is bedded shale. 

The available water capacity is low or moderate. 
Permeability is very slow. The organic-matter content 
is medium or high, and fertility is low. 

These soils are suited to native grasses. Because of 
their sodic subsoil, low available water capacity, and 
very slow permeability, these soils are not suited to 
tilled crops. Areas now tilled should be returned to 
native vegetation. Native vegetation includes western 
wheatgrass, needleandthread, blue grama, Sandburg 
bluegrass, green needlegrass, and inland saltgrass. 
Grazing of native vegetation should be regulated so 
that no more than half of the annual growth of de- 
sirable plants is consumed. Deferring grazing, control- 
ling distribution of water and salt, and fencing that 
concentrates grazing can be used to prevent over- 
grazing. 


CAPABILITY UNIT VIIs-3 


This capability unit consists of excessively drained, 
very shallow, sloping to steep soils. They have a surface 
layer of sandy loam or gravelly loam and a coarse- 
textured substratum. 

The available water capacity is very low, and per- 
meability is very rapid. The organic-matter content is 
low or moderately low, and fertility is low. 

These soils are suited to native grasses. Because of 
their coarse texture, very low available water capacity, 
and very rapid permeability, the soils are not suited 
to tilled crops. Areas now tilled should be returned to 
native grass. Native vegetation includes needleand- 
thread, blue grama, threadleaf sedge, red three-awn, 
plains muhly, and fringed sage. Grazing of native vege- 
tation should be regulated so that no more than half of 
the annual growth of desirable plants is consumed. De- 
ferring grazing and controlling distribution of water 
and salt can help prevent overgrazing. 


119 


CAPABILITY UNIT VIIs-8 


This capability unit consists of well drained and 
moderately well drained, deep, gently undulating and 
gently rolling, stony soils. These soils have a medium- 
textured surface layer, and below this they are medium 
textured or moderately fine textured. 

The available water capacity is high. Permeability is 
moderately slow or moderate in the upper part of the 
profile and moderately slow in the lower part. The 
organic-matter content is moderate or high, and fer- 
tility ranges from low to high. 

These soils are suited to native grasses, but they are 
too stony for tilled crops. Native vegetation includes 
western wheatgrass, green needlegrass, bearded wheat- 
grass, needleandthread, prairie junegrass, little blue- 
stem, big bluestem, plains muhly, and sideoats grama. 
Grazing of native vegetation should be regulated so 
that no more than half of the annual growth of 
desirable plants is consumed. Deferring grazing and 
controlling distribution of water and salt can help pre- 
vent overgrazing. 


CAPABILITY UNIT VIIsw-8 

The only mapping unit in this capability unit is 
Cavour and Vallers stony clay loams. The Cavour soils 
are moderately well drained, deep, and nearly level. 
They have a moderately fine textured surface layer, 
a sodic subsoil, and a medium textured or moderately 
fine textured substratum. Vallers soils are poorly 
drained, deep, and nearly level. They have a moderately 
fine textured surface layer and a medium textured or 
moderately fine textured substratum that is high in 
content of lime in the upper part. 

Cavour soils have a moderate available water ca- 
pacity, very slow permeability, high organic-matter 
content, and low fertility. Vallers soils have a high 
available water capacity, moderately slow permeability, 
a high organic-matter content, and medium fertility. 

These soils are suited to native grasses, but they are 
too stony for cultivated crops. On Cavour soils the 
native vegetation includes western wheatgrass, needle- 
andthread, blue grama, and green needlegrass. On Val- 
lers soils it includes wooly sedge, slim sedge, prairie 
cordgrass, northern reedgrass, and Rydberg’s sunflower. 
Grazing of native vegetation should be regulated so 
that no more than half of the annual growth of de- 
sirable plants is consumed. Deferring grazing and 
controlling distribution of water and salt can help 
prevent overgrazing. 


Predicted Yields 


Table 2 gives estimated crop yields per acre under 
two levels of management for each soil mapped in this 
survey area. The yields shown in columns A are to be 
expected under average management. This includes 
some drainage and other yield-improving measures. 
Those shown in columns B are to be expected if the 
farmer uses the best techniques and management prac- 
tices available at the present time. 

Some farmers are now exceeding the yields esti- 
mated in columns B. It is expected that yields will in- 
crease in the future, as improved varieties of plants 
are grown, new techniques are developed, and addi- 
tional knowledge is gained from research and experi- 
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TABLE 2.—Predicted average yields 
[Dashes indicate that the crop 


Spring wheat Oats 
Soil 
A B A B 
Bu Bu Bu Bu 
Aberdeen loam. 2222-4 e2 ss cece eee ese eee ee 22 29 40 61 
Aberdeen-Exline loams ~--------------------~---------~---------- 15 19 27 40 
Arveson sandy loam _~_---------_---~----~--------~----~--+------ =e 14 20 25 42 
Azvilla, sandy loam: oo) 4.s2.2-..i2-c2n ssc soe ese ee ee 14 18 25 38 
Arvilla sandy loam, gravelly substratum, 0 to 3 percent slopes ---.--- 13 17 23 36 
Arvilla sandy loam, gravelly substratum, 8 to 6 percent slopes —-.-__ il 14 20 29 
Arvilla sandy loam, sandy substratum, 0 to 3 percent slopes —----_--_ 14 18 25 38 
Arvilla sandy loam, sandy substratum, 3 to 6 percent slopes -_-.--____ 12 15 22 32 
Arvilla-Sioux sandy loams, 6 to 9 pereent slopes ----.--.------------ 7 9 13 19 
Barnes loam, 0 to 8 percent slopes --_.-----_-------~--.----------- 24 84. 43 71 
Barnes loam, 3 to 6 percent slopes ~-.-_------------~-------------- 22 82 40 67 
Barnes loam, 6 to 9 percent slopes ~-.-_-._.__-__~-------------------- 17 24 81 50 
Barnes-Svea loams, 0 to 3 percent slopes _.__.--------------------- 25 85 45 74, 
Barnes-Svea loams, 3 to 6 percent slopes ---....---._-__-_----------- 23 33 41 69 
Barnes-Svea stony loams, 8 to. 6 percent. slopes 2. | ee et el ee ee | ee 
Barnes-Svea-Buse loams, 6 to 9 percent slopes ~-~-~.---_------.----- 18 24 32 50 
Barnes-Svea-Buse stony loams, 6 to 9 percent slopes _.-_._-----------]~------------| -------------|-----~----~--]__-- 
Bearden silt loam, saline _-____-_--------------------------~----~--- 13 16 28 34 
Binford sandy loam —----------------~--------------------------- 14 18 25 38 
Binford sandy loam, gravelly substratum, 0 to 3 percent slopes ---___ 13 17 23 36 
Binford sandy loam, gravelly substratum, 3 to 6 percent slopes ______ 11 14 20 99 
Binford sandy loam, sandy substratum, 0 to 3 percent slopes _-------~ 14 18 25 88 
Binford sandy loam, sandy substratum, 3 to 6 percent slopes _--_--_- 12 15 22 39 
Binford-Coe sandy loams, 6 to 9 percent slopes -----_-_------------- 7 9 13 19 
Binford-Coe sandy loams, 9 to 12 percent slopes _--____-----------~-]------.--_-] -------------|--__~--------+|L_2 
Borup silt: loam oso jo oe ee ee ee 18 24 32 50 
Borup and. Marysland silt leams, very Wet ..-.+-.-..-.s-+--s--s-.25|o 4.0550 02-55.) =-2--=+54-4+ 5), eee | 
Borup and Vallers loams, 3 to 6 percent slopes -----_---------------] -.-._.-------]------------~|__---- i/o 
Brantford loam, 3 to 6 percent slopes --_--_----..---_---_---------- 12 15 22 32 
Brantford loam, gravelly substratum, 0 to 3 percent slopes --__--__-- 14 18 25 38 
Brantford loam, gravelly substratum, 3 to 6 percent slopes ~--_-.._.— td 14 20 99 
Brantford loam, sandy substratum, 0 to 3 percent slopes —-.------_-- 15 19 oT 40 
Brantford loam, sandy substratum, 3 to 6 percent slopes --...._---~ 12 15 92 32 
Brantford-Coe loams, 6 to 9 percent slopes -------.--_------------+- 8 | 10 14 1 
Brantford-Kensal loams -_---------~----~-~+-------.------------- 16 | 20 29 42 
Buse-Barnes loams, 9 to 30 percent slopes -_----_----_-------+-~-----|_.-.-.-~4--.|--1-==------6]_ 0} 
Buse-Edgeley loams, 9 to 80 percent slopes ---.----__-_--------------|_-_---_-~---_|------------~ |_| 
Buse and Kloten loams, 6 to 25 percent slopes --_.-_----------------|_------------|-------------|_ oe} 
Buse, Sioux, and Zell soils, 8 to 80 percent slopes _----.-------------|]_----------~~|----------22-|--------- |e 
Cathay loam, 22202532. 3 ok ee eee eens 20 27 26 57 
Cathay-Heimdal loams, 0 to 8 percent slopes —...-_______-_--__-_----- 22 29 40 61 
Cathay-Heimdal loams, 3 to 6 percent slopes _-_-______-------------- 21 28 88 59 
Cathay-Larson loams.—--. 2-224 -243-a oe eee eee ee, 14 19 25 40 
Cavour-Cresbard loams ~-.--.--.--..-.-_---------.--------+---+.----+ 13 17 23 36 
Cavour and Vallers stony clay lodris 2-2... 22. neue ees nn eben |e oe ees] Be ck 
Cavour clay loam, shaly variant, 3 to 6 percent slopes —-.______.______-_|____-_---__-_-__|-------------|L__-_-- | 
Claire loamy coarse sand, 0 to 3 percent slopes ______-----__-_-----_|_____.------_] -------------] 0 | 
Claire loamy coarse sand; 3 to 6 percent slopes _-___----------_----_|_---..-------]-------------} | 
Claire coarse sandy loam ~~ ..~-~.~-+_----~--4.--—------ +. 10 12 18 “95 
Claire-Lohnes-Hamar loamy coarse sands __-----------------------|~------------|-~--------=--+|-------~---- |e 
Clontarf sandy loati 22. 225 ee ee eee 18 23 32 48 
Coe sandy loam, 0 to: @ percent slopes’ 0-24 o- 3 aon e ence sce ewe | o nba at | pee eben eet oot ose | 
Coe sandy loam, 6 to 25 pereent slopes ____--------_----_----.------|____-_-- |---|) 
Colvin: silty clay loani?§22222 oe ee 17 23 31 48° 
Colvin silty clay loan, Saline.2-0 s2eoc seston  s) ae e | 
Colvin. silty-clay lowm, very Wet... a-2s20 a | ee ee | eee eeeene| io une eee 
Cresbard-Cavour loams ___-------_.--------------.---------------- 15 19 27 40 
Divide loam, 0 to 3 percent slopes --_.----------------~-~---------. 18 24 82 50 
Divide loam, 8 to 6 percent slopes _-_-___---------_------------------ 17 23 31 48 
Divide lean, S806 ccc eee eee 9 14 16 93 
Divide loam, gravelly substratum ~-.-_--------------~------~+----- 17 23 81 48 
Divide loam, sandy substratum ~_--_-------------~-+----~--------- 18 24 32 50 
Divide loam, till substratum ~--------------~--------- 18 24 32 50 
Eckman loam, 0 to 3 percent slopes 24 34 48 71 
Eckman loam, 8 to 8 percent slopes 20 27 36 57 
Edgeley loam 222. 3206S eet een Gece 22 28 40 59 
Edgeley and Cavour loams, 3 to 6 percent slopes _____-_-____--------_ 13 16 23 34 
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Barley Flax Corn (silage) Tame hay 
A B A B i A B A B 
Bu Bu Bu Bu { Tons Tons Tons Tona 

81 46 9 15 45 6.0 1.5 2.4 
21 30 4 i ee rece ea ae tet eras ee eee Rn 1.0 1.6 
20 32 T Os ee peal eee ae 1.6 2.3 
20 29 8 18 3.0 4.0 1.0 1.4 
18 27 8 13 3.0 4.0 1.0 14 
15 22 7 12 2.5 3.5 9 1.38 
18 29 8 13 3.0 4.0 1.0 1.4 
17 24 7 12 2.5 3.5 A) 138 
10 14 5 BF | ce es) ek Ses 5 mt) 
34 54 10 16 5.0 6.5 1.6 2.5 
81 51 9 15 5.0 6.5 1.5 2.4 
24 38 q 11 3.5 5.0 11 1.8 
35 56 il 17 5.5 7.5 1.7 2.6 
82 53 10 16 5.5 7.5 1.6 2.5 
25 38 q 11 3.5 5.0 Lt 1.8 
1.0 1.5 
! 1.0 1.4 
1.0 14 
9 1.3 
1.0 1.5 
9 1.8 
5 29 
1.6 2.5 
1.1 1.4 
1.3 1.6 
11 1.4 
1.3 1.6 
Lt 1.4 
ft 1.0 
14 7 
1.3 2.3 
1.4 2.4 
12 pal 
1.0 1.6 
29 1.5 
6 mt) 
8 1.2 
6 2 
1.0 1.4 
1.2 1.6 
1.4 1.7 
6 1.0 
1.5 2.4 
Bef ie nett ae roars (heat ones eee oe L1 1.6 
25 38 8 13 3.5 4.5 1.4 2.0 
24 37 7 12 3.0 4.0 1.3 1.9 
13 18 4 Geshe ate es a eee a 9 14 
24 37 8 13 3.5 4.5 1.4 2.0 
25 38. 8 18 3.5 4.5 1.4 2.0 
25 38 8 13 3.5 4.5 1.4 2.0 
84 54 10 16 5.0 7.0 1.6 2.5 
28 43 8 18 4.0 5.5 1.8 2.2 
81 45 9 1§ 4.5 6.0 1.4 2.3 
18 26 6 TE aa Sea oe a Ae ee 1.0 1.6 
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Spring wheat Oats 
Soil 
A B A B 
Bu Bu Bu Bu 
Edgeley loam, gravelly variant ~--..-----_--_--_--..--~-----------~~ 15 19 27 40 
Egeland sandy loam, 0 to 8 percent slopes _----_--------_----_-~_-.~--- 20 27 36 57 | 
Egeland sandy loam, 6 to 12 percent slopes _---------------_-------- 14 18 95 38 
Egeland sandy loam, sandy substratum ~---------.------------~--~- 17 23 31 48 
Egeland fine sandy loam, till substratum, 0 to 3 percent slopes ----__ 20 27 86 57 
Egeland fine sandy loam, till substratum, 3 to 6 percent slopes ~-_-_- 17 24 831 50 
Egeland-Embden sandy loams, till substratum, 6 to 9 percent slopes ~~ 15 20 27 42 
Embden sandy loam, 0 to 3 percent slopes ------------------------- Pal 28 38 59 
Embden-Egeland sandy loams, 8 to 6 percent slopes ---------------- 18 24 32 50 
Embden, Swenoda, and Heimdal fine sandy loams, 0 to 3 percent slopes_ 22 29 40 61 
Embden, Swenoda, and Heimdal fine sandy loams, 3 to 6 percent slopes_ 20 28 36 59 
Emrick sandy loam __---__._--___---+--~---------------------+-- 25 34 45 71 
Bimrick- loam. 225-2 2se03- See bo oe eck bose cncde eee. ook 27 37 49 78 
Esmond, Coe, and Embden soils, 6 to 25 percent slopes _------_.---_-]-------------|--~----~-----|_____- ++} 
PSC ees eee See ae eee oa cee ae em i a en ee lek eso eee eee ee Se i 
Fargo and Nutley silty clay loams ~-.--.-------------------------- 24 34 43 71 
Fordville loam: 2-3-2 uses goss onsen eee ete eee ee ee eee eek 17 22 81 46 
Fossum Sandy loam? 222.525.0220 coca eee eee 15 20 OF 42 
Pies loath ween oe ee oe et ee aucebaw omen! 16 21 29 44 
Fossum and Hamar sandy loams* _-_/-__-_--_--------~---------~- 17 23 31 48 
Fram loam, 0 to 3 percent slopes _--___------~_--.----------------- 21 30 38 63 
Fram loam, 3 to 6 percent slopes ---__-___---___-__.4.--.---_-------- 20 29 86 61 
Fram loam, ‘saline... 2.2. 2c. =. oe eet eee noses edo s ee eesosos 12 15 22 39 
Fram and Wyndmere fine sandy loams = 19 27 84. 58 
Gardena loam, 0 to 3 percent slopes _. 28 38 50 80 
Gardena loam, 3 to 6 percent slopes _--_--____ 25 84 45 71 
Glyndon loamy 2222225222. a eee ee 25 35 45 74 
Glyndon: loam, saline 222-26 ee ee ee te 18 16 23 84 
Gravel. pit--os co ee ee ee eh eee eee ost a eeolloa es Geka oe oe Ss 
Hamar loamy coarse sand —-_-_-_.--__-_-.--.-.----------------+-- 11 14 20 29 
Hamar loamy Sand 22-ss-sss<2 os eneene ence tee Se 14 18 25 38 
Hamar coarse:sandy loam: ooo on eee 14 18 25 38 
Hamat sandy loan 2.2 2s ea a ee 17 22 81 46 
Hamerly loam, 0 to 3 percent slopes _-_------------_--------------- 21 80 88 63 
Hamerly loam, 3 to 6 percent slopes _-___-_------------------------ 20 29 36 61 
Hamerly loam, saline: 4.222220 ae a ee ee 12 14 22 29 
Hamerly-Svea loams, 0 to 3 percent slopes -----.-/----------------_ 23 82 41 67 
Hamerly-Svea loams, 3 to 6 percent slopes ---_-----------~----~------ 21 80 88 68 
Hecla loamy sand, 0 to 3 percent slopes _-_------------------------_ 14 19 25 40 
Hecla loamy sand, 3 to 6 percent slopes _._____--------------------- 11 14 20 29 
Hecla sandy loam, 0 to 8 percent slopes -_--_-----------~------+-----+- 17 23 31 48 
Hecla sandy loam, 8 to 6 percent slopes -------_-------------------- 14 19 25 40 
Hecla-Dickey fine sandy loams, 8 to 6 percent slopes _.---.----.---- 14 18 25 88 
Hecla-Hamar loamy sands ___~_WW.-.----------_---------------+----- 14 19 25 40 
Hecla-Maddock loamy sands, 0 to 8 percent slopes .-.-_--_--_--_----- 13 17 23 36 
Hecla-Maddock loamy sands, 3 to 6 percent slopes --_--.------------- 10 13 18 27 
Heimdal sandy loam, 0 to 3 percent slopes _---------_-----_-----~-.-- 22 30 40 63 
Heimdal sandy loam, 8 to 6 percent slopes -------------------------- 20 28 36 59 
Heimdal sandy loam, 6 to 9 percent slopes _-__._.----_-------------- 15 21 27 44 
Heimdal loam, 0 to 3 percent slopes _-__------_-.---~-------------+- 24 34 43 val 
Heimdal loam, 8 to 6 percent slopes _--_-----------_-----~~------.-- 22 82 40 67 
Heimdal loam, 6 to 9 percent slopes _-_-._-----.--.--------------~-- 17 24 31 50 
Heimdal-Embden fine sandy loams, 9 to 15 percent slopes _--__------_-- 12 15 22 39 
Heimdal-Embden fine sandy loams, 15 to 25 percent slopes _---------_]____-___-----|___-_--e |e 
Heimdal-Emrick loams, 0 to 8 percent slopes _-_--_-------------_---- 25 85 45 74. 
Heimdal-Emrick loams, 3 to 6 percent slopes ____-----------------_- 23 33 AL 69 
Heimdal-Emrick-Esmond loams, 3 to 9 percent slopes ------_-----_-- 17 23 81 48 
Heimdal-Emrick-Esmond loams, 9 to 15 percent slopes ---__--------- 13 17 23 36 
Heimdal-Emrick-Esmond loams, 15 to 25 percent slopes ---.--------_}-------------}_._- fe 
Kensal. loam 222sec%2 oes eek et ee 16 20 29 42 
Kensal loam, sandy substratum ~-_-----_-----.--------~----------- 17 21 81 44 
Kloten loam, 9 to 30. percent slopes . u..4 22 e os] De ss | pene [ne 
Kloten, Sioux, and Edgeley soils, 12 to 25 percent slopes _--_--_----_--} _-.--------__]-.--_-- |e 
Kratka, fine sandy loam" --222202 se See ces eee nee eee 17 23 81 48 
LaDellevsilty: clay loatit 2s22.2-.5225... oe ceo eco eeeenso nn esee 28 88 50 80 
Lallie silty clay loam? 2.22.2. 5c2ses5424ccteede nose none eee 11 14 20 99 
Lamoure ‘silty clay loam? 22-20-00 18 24 82 50 
Lamowure-silty: clay loam, Salitie? 22.002 eee chee | ee ee | See | hee see cick 
la Prairie silt. loam. 22-2220 cee cleo eee odes aoe eek 28 88 50 80 
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SOIL SURVEY 


TABLE 2.—Predicted average yields 


Spring wheat Oats 
Soil 
A B A B 
Bu Bu Bu Bu 

La: Prairie-amoure: complex a.25- seo soe Sen esse eo ee | | ns oe 
Warson 0am 224 oe ot eee ee oe ot 8 10 14 o1 
Joemert sandy loaii2 noe a he eh eh ee ie oe ee a oe ee] A 
Letcher sandy loam _.____-_-_---_-_»-_ ee 8 10 14 21 
Letcher sandy loam, till substratum ~---__-----------------------__ 8 10 14 1 
Lohnes loamy coarse sand _._--_---___--_------------------------- 11 14 20 99 
Lohnes coarse sandy loam ___-------~----------------------------- 13 16 23 84 
Ludden: silty clay * -2-2 2-2 se aoe ee cheese cs one ceca 18 24 32 50 
budden=Damour:e Complex! 222 oe a es ae ee | el 
Maddock loamy sand, 0 to 3 percent slopes _/-___-____-------------__ 13 16 23 34 
Maddock loamy sand, 3 to 6 percent slopes _--.--__-_-------_---_--_ 10 12 18 95 
Maddock loamy sand, 6 to 9 percent slopes --__--_.-----------------_|_------------~|-----------_-|_------------|_) 
Maddock sandy loam, 0 to 8 percent slopes _--___-_-_---_-------_-_- 15 19 27 40 
Maddock sandy loam, 8 to 6 percent slopes _____-__-_--_------------ 18 17 23 36 
Maddock sandy loam, 6 to 9 percent slopes ___-___________----_-_-___ 11 14 20 99 
Maddock-Dickey sandy loams, 0 to 6 percent slopes __--__-__--_____-- 13 a, 23 36 
Maddock-Dickey sandy loams, 6 to 9 percent slopes __--_--_____--_--- 12 15 22 32 
Maddock-Serden loamy fine sands, 9 to 30 percent slopes _.----____--_]____-_-_-----}_-- eee 
Maddock-Serden-Hecla loamy fine sands, 9 to 25 percent slopes _-.--_]_..--____---_)_-___ eee 
Made land 
MavSh 22 eee ee eee Seen eee ace keen eels ee eee 
Marysland loam * 222-6. ee ee 18 24 82 50 
Marysland and Arveson loams? ~~____--_----___------------------- 15 20 27 42 
Minnewaukan loamy fine sand, 6 to 9 percent slopes __ 2s vi 9 13 19 
Miranda-Cavour clay loams _-_.-----.-----_-_-_-_ pS ee ee re a es ta 
Osakis sandy loam ~--.----.-----_--..----~---_-- 15 19 Pat 40 
Osakis sandy loam, gravelly substratum ~-_--.--.--.--_--_--------- 15 19 27 40 
Osakis sandy loam, till substratum ~_-.-_.-_----.--_-_4-_---.--_-. 15 19 27 40 
Overly silty clay: loam 22 ot eee ee eee 28 88 50 80 
Parnell silty clay loam? ~.-_____ 5 pee eee 19 29 84 61 

MOS i ttc ee a Nea la ee Ae 
Pérella silty clay loam * ~-..0----5-- 44 sees ee oe ee 21 31 38 65 
Rauville silty clay loawy ~ 20-2 oe et ne eek Be See | ee ee eee aoe se Son |e eo ce 
Renshaw loam, 0 to 8 percent slopes ___.-__._-_.---_---- we 14 18 25 38 
Renshaw loam, 8 to 6 percent slopes _....-.-.------_--.-----_----_- 11 14 20 99 
Renshaw loam, gravelly substratum ~-------_-----------_---------- 13 17 23 36 
Renshaw loam, sandy substratum ~-_--_--_____-__-------------+--- 14 18 25 88 
Renshaw loam, till substratum ~----__-_--_---_-------------------- 13 17 23 36 
Ryan‘silty clay ‘loam. 2. 14 19 25 40 
Ryan and Lamoure silty clay loams ~------_----------------------_|___.-----+--_|___-__.---___|---u.-___-___|__. 
Serden-Hamar Sands ncaa see te ete see ee ee nee eee oe eee [eet ee ee ee el oe 
Sioux gravelly loam, 0 to 6 percent slopes -_--_------------+-------~] ___.------+---|~--.--_._.-__|---------.--_]__ 
Sioux gravelly loam, 6 to 25 percent slopes —...-_-___.-_----------~_] ---.------—--|--.0-_ uj -- =e | 
Spottswood loam ~--_---_--------------- 20 26 36 55 
Spottswood loam, sandy substratum ~-_--_--_--_--__--------------- 20 26 86 55 
Stirum sandy loam __~_--_____--_-______-_--- eee eee 8 10 14 91 
Svea: loan 622s ap ee ee ee ee 27 37 49 78 
Svea loam, cobbly variant ----_------.-_-----------~-------------- 22 29 40 61 
Svea-Barnes loams, 0 to 8 percent slopes _-.-_--_-_-_-_---------------- 26 86 47 76 
Svea-Barnes loams, 8 to 6 percent slopes _-___-_.-.__-_ 25 35 45 Th 
Svea-Buse-Barnes loams, 6 to 9 percent slopes _--.__________________ 18 24 82 50 
Svea-Cresbard loams ~ .-.---_-----..--------_------------------- 24 82 43 67 
Swenoda-Embden fine sandy loams ---------------------.---------- 22 29 40 61 
Littariy Sandy 10am * soe oo ee oe ee ee! 18 25 32 538 
Tiffany fine sandy loam, till substratum? ...-_..--_. ~~ 18 25 82 53 
Tolna loam? 220) so 2 oe ee 18 26 32 55 
LOTUS Ute OI os pal ee at ee 21 31 38 65 
Totten-sandy loam = 2-222) 222-2 se oe 8 12 14 25 
Totten l0am 2.2 22k oe et ee ee ee 8 12 14 25 
Totten: Noam, VOr ye We Co ea ee es ef ee el en Se ee see ee 
Totten loam, till substratum ~___-_____________________--_-___-_--_. 8 12 14 25 
Towner fine sandy loam, 0 to 3 percent slopes ----__--_-------_------ 18 24 82 50 
Towner fine sandy loam, 3 to 6 percent slopes _---__--_----------_---- 15 20 27 42 
Towner-Dickey fine sandy loams ~-_-.-----------____--------------- 17 23 81 48 
Vaillers loam: * 3222 oo 17 | 238 31 48 
MY TU VY aa a a Foy te 17 23 31 48 
Venlo: sandy loam 2222202. -. 2enste ct ete ee en eee ese 14 18 25 | 38 
Wahpeton silty clay --------------- 27 37 | 49 78 
Walsh loam, 3 to 6 percent slopes 23 31 41 65 
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Soil 


SOIL SURVEY 


TABLE 2.—Predicted average yields 


Walsh loam, 6 to 9 percent slopes ------.------_.-_----~-------- 
Walsh clay loam, 0 to 3 percent slopes _--_-_--_-_---------------- 
Walsh clay loam, 8 to 6 percent slopes _---_-_-_------------------ 
Walsh clay loam, 6 to 9 percent slopes _--_-_-____----------+------ 
Walum: sandy loam: 2 cscceseeee eee eee eee 
Walum sandy loam, gravelly substratum ~-.---_-------------__~ 


Warsing loam 


Warsing loam, sandy substratum ~~ ~-------------------------~ 
Warsing loam, till substratum ~----.-------------------------- 
Wryard loam” 22220. 2 222550. oo Sho ede eee see 
Wyndmere sandy loam ~~.--.----_--_____~-..~--~.------------ 
Wyndmere sandy loam, till substratum ~------------~---~--~--- 
Wyrene sandy loam —~---------------------------------~---+- 
Wyrene sandy loam, till substratum ~--------------------~--~-- 
Wyrene-Totten sandy loams ~--...---_------.~--------------~-- 


Spring wheat Oats 

A B A B 

Bu Bu Bu Bu 
sis 18 24 32 50 
eo 26 35 47 TA, 
ee 25 33 45 69 
wore 19 25 34 53 
ee 15 19 27 40 
oem 15 19 27 40 
elie 15 20 27 42 
os 15 20 27 42 
ate 15 20 27 42 
tod 26 36 AT 76 
a 16 21 29 44 
= 16 21 29 44 
gate 15 20 27 42 
eues 15 20 27 42 
eee 12 15 22 32 


1 Yields given are for drained areas of these soils. 


ence. The following are among the management 
practices used to obtain the yields shown in the B 
columns: 


1. Erosion is effectively controlled. 

2. Only the best varieties of seed are selected 
for planting, and only seed of good quality 
is planted. 

A proper planting rate is used. 

Weeds, insects, and diseases are controlled. 
Tillage, seeding, and harvest operations are 
timely. 

The kind and amounts of fertilizer applied 
are based on the results of soil tests. 

The soils are adequately drained. 

. A good cropping system is used. 

The estimated yields in table 2 are based on infor- 
mation obtained from farmers and other agricultural 
workers in the survey area. They are averages for a 
period long enough to include years of both favorable 
and unfavorable temperatures and moisture supply 
during the growing season. The estimates represent 
the acreage planted rather than only the acreage 
harvested. 


>I TAG 


Woodland and Windbreaks * 


Eddy County has approximately 3,300 acres of na- 
tive woodland. Most of the tree and shrub species grow 
on the La Prairie, LaDelle, Lamoure, and Walsh soils 
on the Sheyenne River bottom lands and adjacent 
draws and valley slopes. Several groves are on slopes 
of Borup and Vallers soils along high terraces of the 
Sheyenne River. About one-third of the trees and 
shrubs grow on Serden, Hamar, and Rauville soils in 
the Hamar and Warwick area and on Minnewaukan, 
Heimdal, Emrick, Towner, and Dickey soils along 


‘By Davin L. Hintz, forester, Soil Conservation Service, 
Huron, South Dakota. 


North and South Washington Lakes, Lake Coe, and 
Cherry Lake. Several hundred acres of native trees and 
shrubs are in the parts of Benson and Nelson Counties 
included in this survey area. 

The principal species of trees and shrubs are Amer- 
ican elm, green ash, bur oak, cottonwood, chokecherry, 
juneberry, hawthorn, wild plum, current, redosier dog- 
wood, woods rose, shrub willows, and buffalo berry. 

The early settlers used the trees for lumber, fence 
posts, and fuel. Today, however, the main uses for 
trees and shrubs are for livestock protection, wildlife 
habitat, recreation, esthetic purposes, erosion control, 
and watershed protection. 

Windbreaks have been planted in the survey area 
since the days of the early settlers, mainly for the 
protection of farmsteads and livestock. Windbreaks 
are still needed on thousands of acres in the survey 
area, mainly in cultivated areas where the hazard of 
soil blowing is severe. 

Windbreaks distribute and hold snow and prevent 
it from drifting around the farmstead. They protect 
the buildings and livestock from cold winter winds and 
thus reduce fuel and feed costs. They protect field crops, 
gardens, and orchards from strong damaging winds, 
and reduce the hazards of erosion and evaporation. 
They provide habitat for birds and other wildlife, and 
they enhance the beauty of a house and its surround- 
ings. 

The purpose of planting, the suitability of the soils, 
and the selection of suitable trees and shrubs are fac- 
tors to be considered before a windbreak is planted. 
Proper design of windbreaks is most important. 

The establishment of a windbreak and the growth 
of the trees depend on careful selection of the site, 
suitability preparation, and adequate maintenance. 
Grass and weeds need to be eliminated before the trees 
are planted, and the regrowth of the ground cover 
should be controlled for the entire life of the wind- 
break. Some replanting is likely to be needed during 
the first 2 years. 
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Barley Flax Corn (silage) Tame hay 

A B A B A B A B 

Bu Bu Bu Bu Tons Tons Tons Tons 
25 38 7 A) are aoe ee io te 1.5 2.4 
36 56 12 19 5.5 7.0 2.0 3.0 
35 53 10 16 4.5 6.5 1.8 2.8 
27 40 8 Dy | ee area Nt a 1.5 2.4 
21 30 8 13 3.0 4.0 1.4 2.0 
21 30 8 13 3.0 4,0 1.4 2.0 
21 32 8 13 3.0 4.0 1.4 2.0 
21 32 8 13 3.0 4.0 14 2.0 
21 32 8 13 3.0 4.0 14 2.0 
86 58 11 17 5.5 8.0 2.0 38.0 
22 34 8 13 5.0 6.5 1.5 2.1 
22 84 8 13 5.0 6.5 1.5 2.1 
21 82 vi 12 3.5 5.0 1.2 1.6 
21 82 7 12 3.5 5.0 1.2 1.6 
17 24 5 fi] (eee ree are Cee eer eee ye eer eae 1.0 1.5 

Windbreak groups disease, and the general appearance of the tree. 


Ten windbreak suitability groups are designated in 
North Dakota. All of these groupings are in this survey 
area. Under good management the growth response of 
suitable trees and shrubs is generally the same for all 
soils within a group. 

Several factors are considered in grouping soils. The 
amount of soil moisture and the seasonal availability 
are the most critical factors. The soil slope and the 
soil texture are also important, because they largely 
determine the degree of water erosion and soil blowing. 

Conserving water is most important on soils that 
have a slope of more than 6 percent. Special site prepa- 
ration, planting, and cultivation are needed to success- 
fully establish and maintain plantings where soil 
blowing and water erosion are hazards. Soils in group 
2 are ponded and have a high water table. The lack of 
soil moisture is not a limitation in group 1, but the 
water table is beyond the reach of tree roots in all soils 
in groups 8 through 9 and in some soils in group 10. 
Some soils in group 10 are very wet during part of the 
year, and a few have additional limitations that are 
critical for growing trees and shrubs. 

Windbreak groups are not designated for mine pits 
and dumps, riverwash, and made land. These areas are 
so variable that grouping is not feasible. In selected lo- 
cations, they are suited to spot plantings for wildlife 
habitat, recreation, and beautification. 

Table 3 lists the species of trees and shrubs com- 
monly used in windbreak plantings in the survey area, 
and it gives the actual or estimated average height 
and the vigor, by windbreak group, of the various 
species at 20 years of age. All height measurements 
and vigor ratings have been based on well-managed 
plantings. No data are given for windbreak groups 9 
and 10 because the soils in these groups are not suit- 
able for tree and shrub plantings. 

The ratings in the table refer to the density of 
foliage, the freedom from damage from insects or 


A rating of good indicates that leaves and needles 
are normal in color and growth; only a small amount 
of deadwood, that is, tops, branches, and twigs, oc- 
curs within the live crown; little or no disease, insect, 
or climatic damage is evident and evidence of stagna- 
tion or suppression is only slight. A rating of fair in- 
dicates that leaves and needles are obviously abnormal 
in color and growth; a substantial amount of dead- 
wood occurs within the live crown; evidence of mod- 
erate disease, insect, or climatic damage is apparent; 
there is definite suppression or stagnation; and the 
current year’s growth is obviously less than normal. 

A rating of poor indicates that leaves and needles 
are very abnormal in color and growth; a very large 
amount of deadwood occurs within the live crown; 
there is extensive disease, insect, or climatic damage, 
severe stagnation, suppression or decadence; and the 
current year’s growth is essentially negligible. Plants 
that are rated poor are unsatisfactory for farmstead, 
feedlot, or field windbreaks but may be satisfactory 
as wildlife and beautification plantings. 

The windbreak suitability groups in the survey area 
ave described in the following paragraphs. The soil 
series in each group are listed, but this does not mean 
that all the soils of the given series are in the group. 
For the windbreak suitability group of each mapping 
unit, refer to the Guide to Mapping Units at the back 
of this survey. 


WINDBREAK SUITABILITY GROUP 1 


In this group are nearly level and gently undulating 
soils. These soils are in the Clontarf, Divide, Embden, 
Emrick, Fargo, Fram, Gardena, Glyndon, Hamerly, 
Hecla, Kensal, LaDelle, La Prairie, Ludden, Osakis, 
Overly, Svea, Svea cobbly variant, Swenoda, Towner, 
Wahpeton, Walsh, Walum, Warsing, Wyard, Wynd- 
mere, and Wyrene series. 

These are deep, moderately well drained soils, or 
shallow and moderately deep soils that have little or 
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TABLE 3.—Height and vigor of specified trees 
[Height measurements and vigor ratings are for trees at 20 
Vigor ratings and estimated height of trees in feet 
Windbreak 
group Eastern . 
redcedar or Ponderosa Black Hills Caragana Chokeberry Honeysuckle 
Rocky Mountain pine spruce; Colorado 
juniper blue spruce 

1 | Good: 11 to 18_| Good: 18 to 22_| Good: 16 to 20_| Good: 9to11 _) Good: 11to14_| Good: 8to10 _ 
12°' Good: 11 to 18.) Good: 20 to 22_| Good: 15 to18_| Fair: 7to9 ~-_| Good: 9to11_-_| Good: Tto9 __ 
8 | Good: 12 to 15.) Good: 18 to 22_| Good: 15 to 18_| Good: 8to1l0 ~| Good: 10to12.!| Good: 8to10 _ 
4 | Good: 10 to 12_| Good: 17to19_} Fair: 15 to 18_]| Good: 6to8 __} Good: 8 to10--| Good: 6to8 __ 
5 | Good: 9tol11__} Good: 15 to 20_| Poor ~~-~-.-_-_ Good: 8to10 -| Good: 8to10.-} Good: T7to9 __ 
6; Fair: 8 to 10_-| Fair: 14 to 18_| Poor ~-----_-__ Fair: 7to9 --_} Fair: 7to9 ___| Fair: 6to8 ___ 
7 | Fair: 7 to 9.-.| Fair: 12 to 15_| Poor ~~----____ Fair: 65to7 | Poor -2.-....-- Poor’ Laeteh oS. 
8 | Fair: 7 to 9___| Fair: 11 to 14_} Poor ~------___ Fair: 5to7 —-_| Poor ~~ ---.-_-- Fair: 5to7 —_ 


1 Vigor and height results listed can be obtained only with establishment of adequate drains, 


no runoff and have a water table within the reach of 
tree roots. They are moderately coarse textured to fine 
textured and have favorable soil moisture for tree and 
shrub survival and growth. Many of these soils re- 
ceive extra moisture by runoff from surrounding higher 
lying areas. 

These soils are well suited to all types of windbreaks 
and plantings. 

Except for those soils on which the hazard of soil 
blowing is severe, there are no serious hazards or 
limitations to planting trees and shrubs. 


WINDBREAK SUITABILITY GROUP 2 


In this group are nearly level, drained and undrained 
soils. These soils are in the Arveson, Borup, Colvin, 
Fossum, Hamar, Kratka, Lamoure, Marysland, Par- 
nell, Perella, Tiffany, Tolna, Tonka, Vallers, and Venlo 
series. 

These are deep and moderately deep, poorly drained 
and very poorly drained soils. They are moderately 
coarse textured to moderately fine textured. They are 
ponded or have a high water table. Unless drained, 
they are poorly suited or unsuited to trees and shrubs. 

These soils are suited to most plantings if adequate 
drainage is installed. The number of adapted trees 
and shrubs is limited. 

The hazard of soil blowing is severe on those soils 
that are limy to the surface and those that have a 
clayey or sandy surface layer. Wetness is a critical 
limitation to use; to a lesser extent, the high content 
of lime is also a limitation. 


WINDBREAK SUITABILITY GROUP 3 


In this group are nearly level to hilly soils. These 
soils are in the Barnes, Eckman, Edgeley, Emrick, 
Fordville, Heimdal, Spottswood, Svea, and Vang series. 
The Edgeley variant is also in this group. 

These are deep or moderately deep, well-drained, 
and medium-textured soils, Svea soil, however, is mod- 
erately well drained. If proper care is taken to con- 
serve moisture, these soils are suited to nearly all 
adapted trees and shrubs. 


These soils are well suited to all types of windbreaks 
and plantings. 

Some areas of Emrick soils and Svea soils are in 
this group because they have less moisture available 
for optimum tree growth. 

Soils on sloping to hilly sites have a hazard of wa- 
ter erosion, but they have no other serious hazard or 
limitation to planting of trees and shrubs. 


WINDBREAK SUITABILITY GROUP 4 


In this group are nearly level soils. These soils are 
in the Aberdeen, Cathay, Cresbard, and Nutley series. 

These are deep, medium textured or moderately fine 
textured soils that are moderately well drained and 
somewhat poorly drained. They have a claypan sub- 
soil and a sodic layer that restricts root growth. An 
exception is Nutley soils, which are well-drained, cal- 
careous, silty clay loam. A limited number of trees and 
shrubs grow well on these soils. Choosing species for 
planting requires careful selection. 

These soils are suited to all types of windbreaks and 
plantings if tree and shrub species are properly se- 
lected. 

Soil blowing is a hazard on these soils. The only 
critical limitation is the sodic subsoil, which limits the 
choice of species. 


WINDBREAK SUITABILITY GROUP 5 


In this group are nearly level to hilly soils in the 
Dickey and Egeland series, nearly level to sloping soils 
in the Maddock series, and sloping to steep soils in the 
Embden and Hecla series. 

Some areas of Embden and Hecla soils are in this 
group because they receive less moisture and there- 
fore tree growth is not so good as it is on areas of 
these soils in other windbreak groups. 

These are deep, coarse textured and moderately 
coarse textured, well-drained soils, except for the mod- 
erately well drained Embden soils and Hecla soils. 
These soils absorb moisture rapidly. The water table 
is generally beyond the reach of tree roots. A limited 
number of trees and shrubs grow well on these soils. 
Only adapted plants should be planted. 


EDDY COUNTY AND PARTS OF BENSON AND NELSON COUNTIES, NORTH DAKOTA 


and shrubs by windbreak suitability group 


years of age. Dashes indicate that data are not available] 
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Vigor ratings and estimated height of trees in feet—continued 
Wild plum American elm Cottonwood Green ash Russian-olive Siberian elm ree and 
golden 
willow 
Good: 7to9 __| Good: 22 to 27_| Good: 40 to 48_] Good: 21 to 26_| Fair: 15 to 19_| Good: 28 to 35_| Good: 28 to 35. 
Good: 6to7 _-| Good: 20 to 25_| Good: 388 to 45_| Good: 21 to 26_| Fair: 15 to 19_| Fair: 28 to 32_| Good: 28 to 32. 
Good: 8to10 _| Fair: 20 to 25 PO6Y unk wets Good: 20 to 25_| Fair: 14 to 18_| Good: 26 to 32_) Poor. 
Good: 7Tto9 _-| Fair: 15to019 POO a2 eke Good: 16 to 20.| Fair: 12 to 15_| Good: 22 to 26_| Poor. 
Good: 7to9 --| Fair: 15to19 POOF 22 ese555= Fair: 15 to 19_| Fair: 11 to 14_| Good: 20 to 25_; Poor. 
Fair: 6to8 --_| Fair: 14to18 _| Poor ~___---~~- Fair: 14 to 18_! Fair: 11 to 14_| Fair: 17 to 22_) Poor. 
| Poot onccceool Poort sass wee POOP 22. tonecos Poo? .22n oaks Poor: 11 to 14_| Fair: 14 to 18_| Poor. 
Poor: 222205223 Poor 22ccicaccs Poor .scsouesne Fair: 14 to 18_| Fair: 11 to 14_| Fair: 14 to 18_; Poor. 


These soils are suited to all types of windbreaks and 
plantings, if the plants are properly selected. 

The hazard of soi] blowing is severe, and water ero- 
sion is a hazard on sloping and hilly phases of these 
soils. The main limitation to use of these soils is the 
low to moderate available water capacity. 


WINDBREAK SUITABILITY GROUP 6 


In this group are nearly level to sloping soils. These 
soils are in the Arvilla, Binford, Brantford, and Ren- 
shaw series. 

These are shallow, moderately coarse textured or 
medium textured soils overlying coarse sand or gravel. 
They are well drained and somewhat excessively 
drained. They absorb most of the precipitation, but 
water moves rapidly through the underlying sand and 
gravel, The available water capacity is low. 

These soils are poorly suited to all types of wind- 
breaks and plantings. Windbreaks and plantings can 
be established if the proper plants are selected and if 
optimum survival, growth, and vigor are not required 
or expected. 

The hazards of soil blowing and water erosion are 
slight to severe on these soils. The low available water 
capacity and a restricted rooting zone are critical limi- 
tations to the survival and growth of trees and shrubs. 


WINDBREAK SUITABILIFY GROUP 7 


In this group are nearly level soils in the Lohnes 
series and nearly level to hilly soils in the Serden series. 

These are deep, coarse-textured, moderately well 
drained and excessively drained soils. They absorb 
most of the precipitation but retain little. The avail- 
able water capacity is low and very low. A limited 
number of trees and shrubs grow well on these soils. 

These soils are suited to wildlife and beautification 
plantings if optimum survival, growth, and vigor are 
not required or expected. They are poorly suited to 
field windbreaks. 

The hazard of soil blowing on these soils is severe. 
The low or very low available water capacity is the 
critical limitation to use. 


WINDBREAK SUITABILITY GROUP 8 


In this group are sloping to steep soils in the 
Barnes, Buse, Esmond, and Zell series, steep soils in 
the Heimdal series, and hilly to steep soils in the 
Edgeley series. 

These are moderately deep or deep, medium-textured, 
and well-drained soils on complex slopes that have ra- 
pid to very rapid runoff. They have a moderate to 
high available water capacity, but excessive runoff re- 
stricts the intake of water and the amount of water 
available to trees and shrubs. 

Barnes, Edgeley, and Heimdal soils in this group 
have steeper slopes and receive less moisture for op- 
timum growth than the same soils in other windbreak 
groups. 

Windbreaks and plantings need special water- 
conservation measures for satisfactory growth of trees 
and shrubs. Soils of this group are suited to plantings 
for wildlife, for recreation areas, and for beautifica- 
tion if optimum survival, growth, and vigor are not 
required or expected. 

The hazards of soil blowing and water erosion on 
these soils are very severe where they are cultivated. 
Steepness of slope, which causes excessive runoff and 
low water intake, is the main limitation to use. 


WINDBREAK SUITABILITY GROUP 9 


In this group are nearly level and gently sloping 
soils. These soils are in the Cavour, Exline, Larson, 
Lemert, Letcher, Miranda, Ryan, Stirum, and Totten 
series, Also in this group is the Cavour variant. 

These are deep and moderately deep, moderately well 
drained to very poorly drained soils that have a dense 
sodic claypan subsoil. The available water capacity is 
low, except for Cavour and Larson soils where it is 
moderate. 

These soils are not suited to any type of windbreak 
or planting. They generally are mapped in a complex 
with soils that are suitable for hand planting of trees 
and shrubs for wildlife, recreation, or beautification. 

The hazard of soil blowing on these soils is slight 
to severe. The main limitations to use are the restricted 
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root zone, the low or moderate available water capac- 
ity, and salinity. 


WINDBREAK SUITABILITY GROUP 10 


In this group are the stony soils of the Barnes, Buse, 
Cavour, Svea, and Vallers series; the hilly soils of the 
Binford series; and the saline soils of the Bearden, 
Colvin, Divide, Fram, Glyndon, Hamerly, and Lamoure 
series. Also in this group are the shallow soils of the 
Claire, Coe, Kloten, and Sioux series; the wet soils of 
the Borup, Colvin, Lallie, Marysland, Minnewauken, 
and Rauville series; soils of the Totten series; and the 
land types Marsh, Peat, and Gravel pit. 

Included in this group are soils that have a wide 
range in depth, texture, drainage, salinity, and slope. 
They all have one or more limitations, however, that 
are highly critical to tree and shrub planting, survival, 
vigor, and growth. Limitations include waterlogging, 
low available water capacity, stoniness, shallowness, 
high content of sodium, salinity, hilliness, infertility, 
restricted root zone, and erodibility. 

These soils are not suited to windbreak plantings. 
Generally the stony soils and the soils mapped in a 
complex with steeply sloping soils are suited to hand 
plantings for wildlife, recreation, and beautification. 
Proper care, however, must be given to selection of 
planting site and to the selection of adapted trees and 
shrubs. 

The hazard of erosion on these soils is slight to se- 
vere, 


Use of the Soils for Wildlife ° 


Wildlife provide a source of outdoor recreation for 
people in the survey area. They also contribute to the 
economy by furnishing hunting opportunities, by 
helping to control insects, and as a source of fur. 
Among the more important wildlife are sharp-tailed 
grouse, gray partridge, waterfowl, and white-tailed 
deer. Other wildlife are mourning dove, cottontail 
rabbit, and fox squirrel. Furbearers of economic im- 
portance are mink, beaver, muskrat, weasel, red fox, 
and jackrabbit, particularly the red fox and jack- 
rabbit. The survey area is-an important habitat for 
waterfowl, but it has a better potential for developing 
and maintaining a habitat for ducks than for most 
other waterfowl. A small number of prairie chickens 
and ringnecked pheasants remain in the survey area, 
but the lack of tall herbaceous cover limits their num- 
ber. The range of the greater prairie chicken is also 
limited by the lack of grass. 

Most of the public fishing areas are on the Sheyenne 
River and the James River, but access to them is lim- 
ited. The reservoir impounded by Warsing Dam (fig. 
19) also provides public fishing and is occasionally 
managed for trout. The fish most commonly sought 
are walleye, northern pike, perch, and bullheads. 

Table 4 shows the suitability of the soils for open- 
land wildlife, rangeland wildlife, and wetland wild- 
life. Among the openland wildlife are gray partridge, 
pheasant, cottontail rabbit, red fox, goldfinch, horned 
lark, and ground squirrel. These animals, generally, 


®*By Eruinc B. Popout, biologist, Soil Conservation Service, 
Bismarck. 
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Figure 19,.—Warsing Dam and reservoir near Sheyenne in Eddy 
County. 


either have been introduced or are dependent on dis- 
turbed soil or annual plants. For these wildlife, the 
habitat elements considered were grain and seed crops, 
domestic grasses and legumes, wild herbaceous plants, 
and shrubs. Among rangeland wildlife are white-tailed 
deer, sharp-tailed grouse, coyote, and jackrabbit, These 
animals are dependent on range for habitat. Among 
wetland wildlife are ducks, herons, shorebirds, mink, 
muskrat, geese, and coot. These animals normally use 
and are dependent on natural wetlands. Woodland. 
wildlife has not been included in the table because, in 
the survey area, there are only small wooded tracts 
that provide a habitat for thrush, vireo, fox squirrel, 
and other birds and small animals that require only 
small habitat niches. 

Most wildlife habitats are created, improved, or 
maintained by managing existing vegetation, planting 
suited vegetation, inducing natural regeneration of 
desired plants, and by earth moving to improve the 
habitat. The suitability ratings are based on the abil- 
ity of the soil to produce the various habitat elements 
needed for the specified kind of wildlife. Not considered 
in these ratings are present land use, the relationship 
of one soil to another, nor the size, shape, and extent 
of the soi] areas. These ratings can be used as an aid 
in selecting sites for general kinds of wildlife habitat, 
determining the suitability of the soil for a particular 
habitat, or learning the degree of management inten- 
sity needed to produce satisfactory habitat. They pro- 
vide a means of grouping soils for broad scale wildlife 
planning or showing land owners where management 
practices are best applied. 

The elements needed to provide a habitat for a kind 
of wildlife largely determine the suitability rating of 
the soil for that particular habitat. The suitability rat- 
ings in table 4 are good, fair, poor, and very poor. 


Use of the Soils for Recreational Development 


_ Knowledge of soils is necessary in planning, develop- 
ing, and maintaining areas used for recreation. In 
table 5, the soils of this survey area are rated accord- 
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Soil Openland Rangeland Wetland 
wildlife wildlife wildlife 

Aberdeen loam) 22h. e0e oo eh oe Go0d o2e2255se8 Good ~-.------- Fair 
Aberdeen-Exline joams: 

Aberdeen: part =22--6-5 2222s ee oan th oe ee Good __.-----~- Good —--_.----- Fair. 

WXIiNe@ Part 2 oe ee See nese cea Bat ose Lee PO6T soos Very poor ----. Fair. 
Arveson sandy loam —-----.----------__------~-~----------+------ Pair. «325035552 Alt cache Good. 
Arvilla. sandy Joan 22.-- 365 ee ee eee a Bale” cece oe Poor’ 22. 2s.5-5 Very poor. 
Arvilla sandy loam, gravelly substratum, 0 to 3 percent slopes____-__-- Fair ~~~ Poor —--~___--- Very poor. 
Arvilla sandy loam, gravelly substratum, 8 to 6 percent slopes------_-_ Fair ~----- POOW noes eee Very poor. 
Arvilla sandy loam, sandy substratum, 0 to 3 percent slopes_.___..-__- Fait 25 2socee es! Poor secuene ee Very poor. 
Arvilla sandy loam, sandy substratum, 3 to 6 percent slopes-_---___-~~ Pair i eweeeccss POOR 2eeseecd Very poor. 
Arvilla-Sioux sandy loams, 6 to 9 percent slopes: 

Avvilla parts. 35252-202 25.222 oe se pee ee ee ee Walt 222s so Poor _--------- Very poor. 

DIOUN DATG xs ls eee ao i ee ee Very poor ~---- Very poor _____ Very poor. 
Barnes loam, 0 to 8 percent slopes_.--__----__-_----------------~------- Good ~--------- Fair sseedceses Very poor. 
Barnes loam, 3 to 6 percent slopes______--___-----_---_-_------------ Good ~-----.--- Hair? ces eens Very poor. 
Barnes loam, 6 to 9 percent slopes______-_.-_-____-___~___-------~---- Good. .3--==-5- Malt) 2sosce5 Very poor. 
Barnes-Svea loams, 0 to 3 pércent slopes________-_-_/-.-_-_------~__-- Good .--2--.-5+ Halt: covsecuess Very poor. 
Barnes-Svea loams, 8 to 6 percent slopes__.___-___----_----__----.---- Good ~-------~- Fait 62h es Very poor. 
Barnes-Svea stony loams, 8 to 6 percent slopes-_-_------------------- POOP oases a = Fair .----.220+ Very poor. 
Barnes-Svea-Buse loams, 6 to 9 percent slopes-___--._-------------_-- Good ~_-------- Mali 2222522 5= Very poor. 
Barnes-Svea-Buse stony loams, 6 to 9 percent slopes______-__--_---___ Poor -.s-2-ee% Bair sselwesne Very poor. 
Bearden silt loam, saline _-____.--_.__-----~----------~----------~--~ POOF nse POO. eosccaeess Fair. 
Binford sandy loam —.-----_...-.-~.----~.---+~=--s.-~2+-----=s+-. Pair: oo -ses--3+ Poot’ --sce-e-2- Very poor. 
Binford sandy loam, gravelly substratum, 0 to 3 percent slopes_____.___ Fair s2cc2ccens Pool! oocasce ss Very poor. 
Binford sandy loam, gravelly substratum, 3 to 6 percent slopes___----__ Fair s.--22.<-+ Po0OMs oases Very poor. 
Binford sandy loam, sandy substratum, 0 to 3 percent slopes___________ Main oss esses Poor s.a--=--— = Very poor. 
Binford sandy loam, sandy substratum, 3 to 6 percent slopes____---____ Fait’ -2ose2se- Poot .2--assou- Very poor. 
Binford-Coe sandy loams, 6 to 9 percent slopes: 

Bintord: path 22.2 nn he ee ee ee Fait sone 2352) POO! seoeens ee Very poor. 

COC AN sara en ee ie oe Very poor —---- Very poor _---- Very poor. 
Binford-Coe sandy loams, 9 to 12 percent slopes: 

Bintord: part. 22222 we ee ee Very poor. 

C06 VOT cstmeuc ecu eased uoe een eee ease eee Very poor Very poor. 
Rorup silt loam 22.--<.2 S22 csc c eos eee eo ee esse nee Seeeed Fair Good. 
Borup and Marysland silt leams, very wet---.__--------~----------~- Good. 
Borup and Vallers loams, 3 to 6 percent slopes__________--.-----------~- Good. 
Brantford loam, 3 to 6 percent slopes._____---__-___-----_-_--------- Very poor. 
Brantford loam, gravelly substratum, 0 to 3 percent slopes Very poor. 
Brantford loam, gravelly substratum, 3 to 6 percent slopes Very poor. 
Brantford loam, sandy substratum, 0 to 3 percent slopes--.-----------~ Very poor. 
Brantford loam, sandy substratum, 3 to 6 percent slopes__-_.-___------~ Very poor, 
Brantford-Coe loams, 6 to 9 percent slopes: 

Brantford part: s2222e.o eee eee ee eee eee seseans Bait 2issiset Poo? so2--2eees Very poor, 

Coe Part 2 a See ee es ee i ee Very poor. 
Brantford-Kensal loams: 

Bratitford part .2-.225. 2 eb ee See Very poor. 

Kensal part: _ aces 22 eo ate ee ee Se Very poor. 
Buse-Barnes loams, 9 to 80 percent slopes-_-__--_--__-----~.~---~-- Very poor. 
Buse-Edgeley loams, 9 to 30 percent slopes___---___------------- | Very poor. 
Buse and Kloten loams, 6 to 25 percent slopes Very poor. 
Buse, Sioux, and Zell soils, 3 to 30 percent slopes: 

Buse-Zell part. =~ 2s ee eben eee oeS Pair o2esococ52 Bait’ coc sse Very poor. 

SlOUX Pat jn kee ee ee a oe Very poor ~-_-- Very poor —---- Very poor. 
Cathay: loam) 2.22 en et ee ee oe eS Wait <o2so.--5— Fait! 2.02505 se Poor. 
Cathay-Heimdal loams, 0 to 3 percent slopes: 

Cay ye ah a aa Fair Poor. 

Heimdal part i Very poor. 
Cathay-Heimdal loams, 3 to 6 percent slopes: 

Cathay part.oco oe Se ee Fair ~_-----. Fan 252-565 Poor. 

Heimda pa tte ee oe Good ~------~--- Wai aco eo Very poor. 
Cathay-Larson loams: 

Cathay part ..2226 oe) 8 eo Pair ~--------- AVY estos Poor. 

Lharson part. 22-4 ee ee ee Very poor -_--- Poor. 
Cavour-Cresbard loams: 

Cavour part o222.2 220-5 eo bere Sa ewes eee ele see Very poor —--_- Poor. 

GreSbard Part 2nscosic oslo ke oe See ae Pair oeenceu Poor. 
Cavour and Vallers stony clay loams Poor 2-3-2 350k5 Fair. 
Cavour clay loam, shaly variant, 3 to 6 percent slopes_______---_____-_ Poor ----~----- Very poor _---- Poor. 
Claire loamy coarse sand, 0 to 8 percent slopes______._.---------_----_- Fait 255 au AID cies oe Very poor. 
Claire loamy coarse sand, 3 to 6 percent slopes_.________-----_-~_------ fait on tae Malt 22s nates Very poor. 
Claire coarse sandy loam_____-----------_-------~-~--------~------ Mai 2222222 Wait 2602.05 3 Very poor. 
Claire-Lohnes-Hamar loamy coarse sands: 

Claire att cn2s 202 enn ne tae a US Fait conceeesee Pal face ecs es Very poor. 
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Claire-Lohnes-Hamar—continued i 
WORNES Part =2 25252822 L saa ee ta ee Good ~--------~ Fair. 2cec2ce-- Very poor. 
Pe eee eee ees seen mae See cies Good 2 nnnee Good, 22 Poor. 
Cu Glontart sandy Woe a-ak a Good _----—---- POO! ussceewes Very poor. 
CvB Coe sandy loam, 0 to 6 percent slopes_______-----------------~------- Very poor —__-- Very poor .---~ Very poor. 
CvD Coe sandy loam, 6 to 25 percent slopes_______--.-_-__--_-_----------_--- Very poor __-- Very poor _.--- Very poor. 
Cw Colvin-siltyclay loamos. 2.2 noses oe oe ee d i 00 
Cx Colvin silty clay loam, saline Fair 
Cy Colvin silty clay loam, very wet-.----_-----+------------------------- Good 
Cz Cresbard-Cavour loams: 
Créshard. part... 65250 ee Poor 
Cavour part. ios et eee aaa Fair 
DvA Divide loam, 0 to 3 percent slopes________-_------~-_----~------~~----- Poor. 
DvB Divide loam, 3 to 6 percent slopes-___-__._----------.---------+-.----~- Poor 
Dw Divide loam, saline ---.---___----__--_--------------+-- +--+ Fair 
Dx Divide loam, gravelly substratum__._.__-----.0.-__----- Poor 
Dy Divide loam, sandy substratum..-._--------..----.----------------- Poor 
Dz Divide loam, till substratum__~-_--__-__---------__--+------------_-- Poor. 
EaA Eckman loam, 0 to 3 percent slopes_--___----------_~-----+-~-+------ Very poor. 
EaB Eckman loam, 3 to 8 percent slopes_______-----_____--------_----~--- Very poor. 
Eb Edgeléy loam 202-220... sesso ee oe co eee ub eens Poor, 
EcB Edgeley and Cavour loams, 3 to 6 percent slopes: 
Bdgeley. part. <2... ee es eo ees enwa es eee se oe Poor. 
Cavour part: .26- 2225552. eceeen eee eee eect eet eo eee cee Fair. 
Ed Edgeley loam, gravelly variant_______-__----__..___------__.-------..- Poor. 
EeA Egeland sandy loam, 0 to 3 percent slopes_________------------------- Very poor. 
FeC Egeland sandy loam, 6 to 12 percent slopes________-___________ Very poor. 
Eq Egeland sandy loam, sandy substratum_.-__--_-----------_-- Very poor. 
EhA Egeland fine sandy loam, till substratum, 0 to 3 percent slopes..________ Very poor. 
EhB Egeland fine sandy loam, till substratum, 3 to 6 percent slopes_-_.______ Very poor. 
EmC Egeland-Embden sandy loams, till substratum, 6 to 9 percent slopes: 
Weelatd part... 22 one ee ee ee Palit ions scc Walt sees aes Very poor. 
Eimbden, patton oe a a eee ee eb Good ~----.---- Fair 2-2. Very poor. 
EnA Embden sandy loam, 0 to 3 percent slopes_______--__-.--___---_------ Good ~----_-_-~ Fatt 2cccneecke Poor. 
EoB Embden-Egeland sandy loams, 3 to 6 percent slopes: 
Embden part Very poor. 
Egeland part Very poor. 
EsA Embden, Swenoda, and Heimdal fine sandy loams, 0 to 8 percent slopes: 
Embden-Heimdal part ~--..-..--------------+-~-----------~---- Good ---_------ Fair ~-.------- Poor. 
MWENOda Part 22 ht Fair --.----__. Good _----..-___ Very poor. 
EsB Embden, Swenoda, and Heimdal fine sandy loams, 3 to 6 percent slopes: 
Embden-Heimdal part --------./-----_-------------__-+---------- Good ~--------- Fair ~--------- Very poor. 
Swenoda part ~-_-------__--_--------___--------- e+ +--+ +--+ Hair ooe-cce os Good acces | Very poor. 
E+ Emrieck sandy loam ___-----.----.------------1-.--.-----.-----.--. Good __-----.-. Fair ------__- Poor. 
Eu Himvick loam... 22 ee a ee ee Good ~_.--- Pe ke, Poor. 
EvD Esmond, Coe, and Embden soils, 6 to 25 percent slopes: 
Hismiond Part, ooh ee Rall eases Pail! woos Very poor. 
OG) PANE a os Boe ee oe So eS eee Boo Very poor ____ Very poor ___-_ Very poor, 
Wmbden: parts 2.2<54 con ase Sok eee ee Good __-----_-. Fair ue Very poor. 
Ew WXINé loam, 2. et eee Poor _-.~~----_ Very poor _____ Fair. 
Fa Fargo and Nutley silty clay loams----_-__-___-_----_------_---------_--- Warr eee a Poor = 2-12 - Poor. 
Fd Pordville loam oo osod oto a eee el ete at Good ~_-.---._. Good ___---_.-- Very poor. 
Fm Mossum-sandy loam, 22-22 eo ee Fair ss... Malt coc. o oo Good. 
Fo Possum 0am) 22.23 ah o2 oe ae ee ee ee ee ee WaT so ee Paleocene A Good. 
Fp Fossum and Hamar sandy loams: 
Fossum part Good. 
Hamar part Poor 
FrA Fram loam, 0 to 3 percent slopes..______-_-----------_--------------- Good _--------- Faire icone Poor. 
FrB Fram loam, 3 to 6 percent slopes____-___.____-_----_ GOOd tees Fair 2. ~--.-___ Poor 
Fs Fram loam, saline ----------------_-_._-_------------+------------- Poor 2242 5-25 Poor 2232cpcee2 Fair 
Fw Fram and Wyndmere fine sandy loams: 
PVA DOV pee a eta et ad ea ES Good _-------_- Bair ed Poor. 
Wyndmeére> part. 2520-0 ee ce Fair ------___ Good ~-_------- Very poor 
GaA Gardena loam, 0 to 3 percent slopes____________-_._---------- + Good: -2- se Bait! ean o tence OT — 
GaB Gardena loam, 8 to 6 percent slopes_..______________-_-------_---~---- Good ~--~-_-__ Fairy ~~ ~--____ Very poor 
Gd Glyndon; loam 2223-222 eb see edo ee eae Good ~--------_ Pair 2i2oc oo. oor. 
Ge Glyndon. loam, ‘saline 2.22324 en nt eee nh eee ek POO? eee POO? oo rk Fair. 
Gp Gravel Dit coco hb ee oe ee so eee eee ee eee ee I 
Ha Hamar loamy coarse sand ~.-.--_______.--_____ Bate ee ease! Good S222 Good ~~~ Poor. 
Hb Hamar loamy sand). ..2 2 eee ca cence cc cee Good ~------.- Good ~~ Poor 
He Hamar coarse sandy loam ~~-~----_------------.------- +. ------+ Good ~---_____- Good ~----_____ Poor 
Hd Hamar sandy loam: oi ee ee a ee Good. sesesaeeue Good ___---____ Poor 
HeA Hamerly loam, 0 to 8 percent slopes________-__--------------------- Good ~_---___-- Bait soo, Poor 
HeB Hamerly loam, 3 to 6 percent slopes______.-__-__-___-----______------_ Good ~~~! Walt 2222S Poor 
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symbol wildlife wildlife wildlife 
Hf Hamerly loam, Salite 2. hy a ee POOR ois atee P06) 22545355 Fair. 

HgA Hamerly-Svea loams, 0 to 8 percent slopes---______--_- (geese teee Good. ..---.2-- Mair 22 22 ed Poor. 
HgB Hamerly-Svea loams, 8 to 6 percent slopes___-__...----_--_-----_----- Good _--------- Fair 22 ook Poor. 
HhA Hecla loamy sand, 0 to 8 percent slopes_-_-_______--_-----__---------_ Fait cescoceoew PANE ete Very poor. 
HhB Hecla loamy sand, 3 to 6 percent slopes.__-_--_____-__----____-------- Patt nsisuesee Malt os 2o22e0 Very poor. 
HkA Hecla sandy loam, 0 to 3 percent slopes_-_.--_-___-_-_--__----~__-_---___~ Padi’ eeeeee MA eet Very poor. 
HkB Hecla sandy loam, 3 to 6 percent slopes----_--_.-______-----~_---------~ Walt costco ac sd Faifi Sone Very poor. 
HIB Hecla-Dickey fine sandy loams, 8 to 6 percent slopes_--___-._------_--- Ma costa oosk Fair. esas Very poor. 
Hm Hecla-Hamar loamy sands: 
Heela: Natt: 252.529 ae ha Se ee Patt Suogeccocss Fait jabea.. os Very poor. 
Hamar part o2s25 Soe eet anaes oe ed Good ~---~----- Good ~--------~ Poor. 
HnA Hecla-Maddock loamy sands, 0 to 3 percent slopegs___-_-___--_--_------_ Fait 23 cena Fair 2. Very poor. 
HnB Hecla-Maddock loamy sands, 3 to 6 percent slopes_______-_-._.---4---- i ie ae in G1 haere Very poor. 
HoA Heimdal sandy loam, 0 to 3 percent slopes___---..-_.____---__.-.----- Good __-_~____. Pati! es te Very poor. 
HoB Heimdal sandy loam, 3 to 6 percent slopes____---___------------------ Good ~~----_--- Pai ot ce! Very poor. 
HoC Heimdal sandy loam, 6 to 9 percent slopes__-_-__-___---__---__-_-_---- Good —-- WAI acces 22s Very poor. 
HpA Heimdal loam, 0 to 3 percent slopes______-_-----______------__------- Good 22 bese Peay etal to Very poor. 
HpB Heimdal loam, 3 to 6 percent slopes_.___._____-___.-------.-_------- Good ~--.-.---- Fait socceekoce Very poor. 
HpC Heimdal loam, 6 to 9 percent slopes_________-__-__.-------~--------- Good _..--4_.- oD b ee eee em eee Very poor. 
HrD Heimdal-Embden fine sandy loams, 9 to 15 percent slopes____.__-_____- Good ~--_.---- Pat eo Very poor. 
HrE Heimdal-Embden fine sandy loams, 15 to 25 percent slopes_--___________ Fait -a2se--2=5 Fait weeseene Very poor. 
HsA Heimdal-Emrick loams, 0 to 3 pereent slopes_---_-____-__------------- Good _.-------_ Wal 222 Poor. 
Hs8 Heimdal-Emrick loams, 3 to 6 percent slopes._---______------___-_----- Good 2no- eee Ral? oben eet Very poor. 
Htc Heimdal-Emrick-Esmond loams, 3 to 9 percent slopes..____--__.----__- Good ~__----_-- Paid eee Very poor. 
HtD Heimdal-Emrick-Esmond loams, 9 to 15 percent slopes: 
Heimdal-Emrick part _..--.----.-_-_------- ee Good 2. Fair ou Very poor. 
Esmond. part: = sesso ee eee ee Fait x{coscseu. Wali 22S Very poor. 
HtE Heimdal-Emrick-Esmond loams, 15 to 25 percent slopes--__-_-----_--__ Paii® need ek Da ae ee eee Very poor. 
Ke Hensal JOaI1 22 ao Se a ee ee ee Mant wcoctouc | Weir 220025! Very poor, 
Kf Kensal loam, sandy substratum.__---_-_____-.------_-__------- ++ Fairy ~-u---.-- Hae ao ach en Very poor. 
KoE Kloten loam, 9 to 30 percent slopes____________-__ IMAG tee oe POW wacccenae Very poor. 
KsE Kloten, Sioux, and Edgeley soils, 12 to 25 percent slopes: 
| Kloten-Hdgeley part: a2) 25 oo ee eS Fait .co ceo ke52 De hee eet Very poor. 
/ SiOUN Pane oo oso soe i ee ee eS ie Very poor —_-__ Very poor’ __--_ Very poor. 
Kt | Kratka fine sandy loam__--____._-_.-_-_____ ee ene Path eee DO) eg eee Good. 
La LaDelle silty clay loam_________ Good _-.------- Very poor. 
Lb Ihalliessilty clay: leases 00 ca adie le 4 as Pat \shenes tek Good. 
Le Lamoure silty clay loam__-_____-___---_-___---------__-----~----+-- Good sesso - = Fair. 
Lm Lamoure silty clay loam, saline___-___--.._._---___-.-__---_---4------ Poot sascehess= Fair. 
Ln La Prairie silt loam_---_--______------.-.---------.----------~--- Good ~_-------~ Poor. 
Lp La Prairie-Lamoure complex: 
liar Prairie Part. ooo ee ee ei ee Good ~_-.~__---- Poor. 
Lamoure: Dart 22 one oe ee ae Good ~.-~---~--- Fair, 
Lr Larson loam: 2-2-4202. 5 0003200 eee en he See Very poor __--- Poor. 
Ls Inemient-Sandy JOAM: cabo eset te ee a Very poor _---~ Poor. 
Lt Letcher sandy loam ___-_---__ ee Poor ane nas Fair. 
tu Letcher sandy loam, till substratum POOY sceae ees Fair. 
Lv Lohnes loamy coarse sand_./---__-_------+-__---------_------------- WM wees ees oe Very poor. 
Lw Lohnes coarse sandy loam__--__-_____---..-----____--.--+---------- Fai c2ecceosee Very poor. 
Lx Ludden silty clay 2-202 2220 ee ee eee eee ek Pair a22-eoee Fair. 
Lz Ludden-Lamoure complex: 
Dudden. part: 2222s -se a Ge beet ls Be Pair ais8seueo- Fair. 
TSWV UU, eB ac ce eH ed ae POO 222 woe Good, 
MaA Maddock loamy sand, 0 to 3 percent slopes i Aa) eee Very poor. 
MaB | Maddock loamy sand, 3 to 6 percent slopes Mai Fair joensen es Very poor. 
MaC Maddock loamy sand, 6 to 9 percent slopes at yD ere ha Very poor. 
MbA Maddock sandy loam, 0 to 3 percent slopes Fai Halt woe Very poor. 
MbB Maddock sandy loam, 3 to 6 percent slopes_.__-___------__-__-_---___-. Fait p2oseensis Fait 2 eet Very poor. 
MbC Maddock sandy loam, 6 to 9 percent slopes_._.___------____---------- Wail! een ses Walt ae Stoo Very poor. 
MdB Maddock-Dickey sandy loams, 0 to 6 percent slopes._._-___-..__---___ UAE het ee eats, FOR oo iil es Very poor. 
MdC Maddock-Dickey sandy loams, 6 to 9 percent slopes_-_._-_.--___---.-__ | re LE ee ee ne Very poor. 
MeD Maddock-Serden loamy fine sands, 9 to 30 percent slopes: 
Maddock’ part oo. sssc eo ee ee ee Hair -.22225528 Pair —~-----_-_ Very poor. 
Nerden Party 2.2 --vo ose oS eo POOR ot ee aE oe oe Very poor. 
M{D Maddock-Serden-Hecla loamy fine sands, 9 to 25 percent slopes: 
Maddock-Hecla part Very poor. 
Serden part ~----________ Very poor. 
Mg Made: land: 2252255222. coos oe ee ee ee ate a lh ere arts | is ett ae ts ees Bae, 
Mh MUS I och a th ee ae A ne ee eo I a et 
Mm Marysland: loam. 2. 2cc2o 322 wt ee a ea Good 
Mn Marysland and Arveson loams: 
Marysland part uc oe POOP senses Wa ooo Good 
PRTVGSON DANG 22 8s es See ee ee Pair sat ee Mair 2-2-2025 Good 
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Minnewaukan loamy fine sand, 6 to 9 percent slopes_____--------~----- POOP ee secunaS Good ~--------~ Very poor. 
Miranda-Cavour clay loams: 

Miranda: part. .22 223 ee eee Se ee ee eee Poor 2222-254 Very poor —---- Poor. 
Cavoul Part :susssencce ease Se eee cee se See eee ee ee Hb Se POOY 2. SSn a Very poor —.--- Fair. 
Osakis sandy loam 2.25212 Balt jesseesec] PAG cS Very poor 
Osakis sandy loam, gravelly substratum Rai fasion kos ait 222 sa2nS Very poor 
Osakis sandy loam, till substratum__---------~_ Pal’ oeate cts Fair ---------- Very poor 

Overly silty clay loam... oe ee ee cen seein Good 22222 oe Pair: sone al Poor. 
Parnell silty clay loam_-_..-__~~. Very poor ._--. Poor -------~- Good 
P@ab sos ess a eee oe eee ee ee eee ee ee ee | eee | ees 
Perella-silty clay loam... 2--2 42% sete ee Halt tacts Pair -22225-5 4 Fair. 
Rauville silty clay l0am2o522< oe a ee cee ates Very poor _____ POGi eae Good. 
Renshaw loam, 0 to 8 percent slopes___-~.--~--------+-------------- AIP) se eeee ses Poor. 22- 2-22-25 Very poor 
Renshaw loam, 3 to 6 percent slopes______---__-_-_----_-~--~._.-~------ Pair 22sec 252 POOP 222ee esse Very poor 
Renshaw loam, gravelly substratum_-___.--------.-------~---------- Pai eosos os Poor sesuseeees Very poor 
Renshaw loam, sandy substratum____-__-_--------.-_---------------- Pair 222-222+—— POM 22 Very poor 
Renshaw loam, till substratum_--_-__-__.---__---------------------- | Fair ---------- Poor =--=.--4+- Very poor 
Ryan silty clay lodm_—_- = +e scn see ee aes sean Poor ~s------+- Very poor ----_ Good. 
Ryan and Lamoure silty clay loams: 

Ryan, part. 2256.06. be oo ee ec Poor e2s2e 222 Very poor ~---- Good 

Lamoureé part: 2s22 22 ee oes eee ee eee eee eee Poor ~---~---- ‘Poor ~ --~-----~ Fair. 
Serden-Hamar sands: 

Serden part ~------.-__ Ap ea teellessieeteded eels ses soe ese POOP 222 25oeeu Walt 2225222220 Very poor 
Hamar part)... seen eee eee Good ~------- Good ~----~--~= Poor. 
Sioux gravelly loam, 0 to 6 percent slopes_-____-_____---------~------- Very poor —.--- Very poor _---- Very poor 
Sioux gravelly loam, 6 to 25 percent slopes_.._.__-___------------------ Very poor —-_-_~ Very poor _---- Very poor 

Spottswood loam. 21-44-44 sa ee ee es ese ea seasece 
Spottswood loam, sandy substratum. 
Stirum sandy loam __-_-------+----- 
Svea 10am: 2.55 see ee 
Svea loam, cobbly variant-_---+-+---..2++------4-+-.-s4.-----+-+-+-- 
Svea-Barnes loams, 0 to 3 percent slopes: 

Sveanpart..2.2 2 el se ee ee Good ~--------- Rait Seesce eS Poor. 

Barnes: part =2- 9 ee eset eee oe Se eee eases Good ~--------- Pali? rrr ene Very poor. 
Svea-Barnes loams, 3 to 6 percent slopes._-.-_.__-_------------------- Good ~--~-----+- Palt igen Very poor 
Svea-Buse-Barnes loams, 6 to 9 percent slopes-.__--..-_-_--__--------- Good ~------_-- Fair ~--------- Very poor 
Svea-Cresbard loams: 

Svea part ---..-...._---_ 

Cresbard part o.2.s0-2-22-5-5 5202 Ue eee se ee ees 
Swenoda-Embden fine sandy loams: 

Swenoda part, S22. py ee ee ee Palit cc2c2-3-54 Good _--------- Very poor. 

Finbden. Patt <.0 2.0. 2 ee ee ee a ee ks Good su Fall octecenaos Poor. 
Tiffany sandy loam) 2. oe ee Walt soso cce! Wait sssssesuee Fair. 
Tiffany fine sandy loam, till substratum__-___--___----------_--------- Fait! 2an5scuhes Balt cuceceosce Fair. 
Tolwa loan — =o es es ee et eo ea soos Pair! see Pa pete Fair. 
Tonka silt 10am. 22— 22 be ee ecto eee ee eh Fait’ 2oneosecas Fait’ -scs---es5 Fair. 
Totten sandy loam —._ Poor ~--------- Poor oss = a etul Fair. 
Totten loam ~---.--~- POOP 2222 oe Poor 2.222225 Fair. 
Totten loam, Very Wetso.22- 202 ey ee Very poor ----- Poor nee ese- Good. 
Totten loam, till substratum Poor 2sucses.e- Poor ~------+-- Fair. 
Towner fine sandy loam, 0 to 3 percent slopes_-__-_.-_--__-_---------. Pair’ 22022 ce Pati oo ees Very poor. 

/ Towner fine sandy loam, 8 to 6 percent slopes____-_--..-_.----------- Pair so2eosece4 Fair sccsccussd Very poor. 

Towner-Dickey fine sandy loams__-----------.-~~------------------~- Fair i Very poor. 
Wallérs: loam locus oo ce oe Sos ee ee ee i Good. 
Vane loam, 2. ond an nese ose eee ae eet e eee Se ee oe ecase Very poor, 
Venlo'sandy loam 2W2-2. sess--cncssssnssese-sesessneesnan ance ste Good. 
Wahpeton silty clay .-..--------------+--+ +4 445--ee nse neste sa-5 Poor. 
Walsh loam, 8 to 6 percent slopes._.-__.-_--_------------------.----- Very poor. 
Walsh loam, 6 to 9 percent slopes__-_-- Very poor. 
Walsh clay loam, 0 to 3 percent slopes_. Very poor. 
Walsh clay loam, 3 to 6 percent slopes_________--__-.-____------------ Very poor. 
Walsh clay loam, 6 to 9 percent slopes____-_.___-__---.---_-_-~---~-+---- Very poor. 
Walum sandy loam. ..-=- 2... sce ose senses edeue set sees Very poor. 
Walum sandy loam, gravelly substratum Very poor. 
Warsing loam .252 ae ee eee eee ee eee Very poor. 
Warsing loam, sandy substratum__----------~--~-------------------- Very poor, 
Warsing loam, till substratum___---------__---------------.-------- Very poor. 
Wryard loam: 2225.5 sane l ous ee eh cue tecka Fair. 
Wyndmere sandy loam __-~_--_----------._~~__--__-----------.---- Very poor. 
Wyndmere sandy loam, till substratum._-___----________------------- Very poor. 
Wyrene sandy loam... -2.0.4 5 eee eee eens nese Very poor. 
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TABLE 4.—Switability of the soils for kinds of widlife—Continued 


Map Soil Openland Rangeland Wetland 
symbol wildlife wildlife wildlife 
Ws Wyrene sandy loam, till substratum ___--_-_-_--__--_-___--_____----- Fair ~.------ Fair ~-------- Very poor. 
Wt Wyrene-Totten sandy loams: 
Wytene: part.acna ee lls ese oe ecco ke eee Pelt .2cesnacce We cchecete Very poor. 
VOUteN Dato. coccceuh poteceee ce wearer oe eesmeeee POG cee err POO? once Fair, 


ing to limitations that affect their suitability for play- 
grounds, camp areas, picnic areas, and paths and trails. 

In table 5, the soils are rated as having slight, mod- 
erate, or severe limitations for the specified uses. For 
all of these ratings, it is assumed that a good cover 
of vegetation can be established and maintained, A 
limitation of sight means that soil properties are gen- 
erally favorable and limitations are so minor that they 
easily can be overcome. A moderate limitation can be 
overcome or modified by planning, by design, or by 
special maintenance. A severe limitation means that 
costly soil reclamation, special design, intense main- 
tenance, or a combination of these is required. 

Playgrounds are areas used intensively for baseball, 
football, badminton, and similar organized games. 
Soils used for playgrounds should be able to withstand 
intensive foot traffic. The best soils have a nearly level 
surface free of coarse fragments and rock outcrops. 
They have good drainage, are not subject to flooding 
during periods of heavy use, and their surface is firm 
after rains but not dusty when dry. If grading and 
leveling are needed, depth to rock is important. 

Camp areas are used intensively for tents and small 
camp trailers and the accompanying activities of out- 
door living. Little preparation of the site is required, 
other than shaping and leveling for tent and parking 
areas, Camp areas are subject to heavy foot traffic and 
limited vehicular traffic. The best soils have gentle 
slopes, good drainage, and a surface free of rocks and 
coarse fragments. They are not subject to flooding 
during periods of heavy use, and their surface is firm 
after rains but not dusty when dry. 

Picnic areas are attractive natural or landscaped 
tracts. These areas are subject to heavy foot traffic. 
Most of the vehicular traffic, however, is confined to 
access roads. The best soils are firm when wet but not 
dusty when dry, are not subject to flooding during the 
season of use, and do not have slopes or stoniness that 
greatly increase the cost of leveling or of building 
access roads. 

Paths and trails are used for local and cross-country 
travel by foot or horseback. Design and layout should 
require little or no cutting and filling. The best soils 
are at least moderately well drained, are firm when 
wet but not dusty when dry, are flooded not more than 
once during the season of use, have slopes of less than 
15 percent, and have few or no rocks or stones on the 
surface. 


Engineering Uses of the Soils ° 


This section is useful to those who need information 


* CLINTON JOHNSON, State conservation engineer, and WILTON 
GRADY, area engineer, Soil Conservation Service, assisted in pre- 
paring this section. 


about soils used as structural material or as founda- 
tion upon which structures are built. Among those who 
can benefit from this section are planning commissions, 
town and city managers, land developers, engineers, 
contractors, and farmers. 

Among’ properties of soils highly important in en- 
gineering are permeability, strength, compaction 
characteristics, soil drainage condition, shrink-swell 
potential, grain size, plasticity, and soil reaction. Also 
important are depth to the water table, depth to bed- 
rock, and soil slope. These properties in various degrees 
and combinations, affect construction and maintenance 
of roads, airports, pipelines, foundations for small 
buildings, irrigation systems, ponds and small dams, 
and systems for disposal of sewage and refuse. 

Information in this section of the soil survey can be 
helpful to those who- 


1. Select potential residential, industrial, commer- 
cial, and recreational areas. 

2. Evaluate alternate routes for roads, highways, 
pipelines, and underground cables. 

3. Seek sources of gravel, sand, or clay. 

4. Plan farm drainage systems, irrigation systems, 
ponds, terraces, and other structures for con- 
trolling water and conserving soil. 

5. Correlate performance of structures already 
built with properties of the kinds of soil on 
which they are built, for the purpose of predict- 
ing performance of structures on the same or 
similar kinds of soil in “other locations. 

6. Predict the trafficability of soils for cross- 
country movement of vehicles and construction 
equipment. 

7. Develop preliminary estimates pertinent to con- 
struction in a particular area. 


Most of the information in this section is presented 
in tables 6, 7, 8, and 9, which show estimated soil 
properties significant in engineering; interpretations 
for land-use planning and various engineering uses; 
and results of engineering laboratory tests on soil 
samples. 

This information, along with the soil map and other 
parts of this publication, can be used to make inter- 
pretations in addition to those given in tables 6, 7, and 
8, and it also can be used to make other useful maps. 

This information, however, does not eliminate the 
need for further investigations at sites selected for 
engineering works, especially works that involve heavy 
loads or that require excavations to depths greater 
than those shown in the tables, generally depths of 
more than 6 feet. Also, inspection of sites, especially 
of small ones, is needed because many delineated areas 
of a given soil mapping unit may contain small areas 
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TABLE 5.—Degree and kind of soil limitations for recreational uses 


Symbol and soil Playgrounds Camp areas Pienic areas Paths and trails 
Ab—Aberdeen loam —~-------.____- Moderate: some- Moderate: slow Moderate: some- Moderate: some- 
what poorly permeability. what poorly what poorly 
drained or moder- drained or moder- drained or moder- 
ately well drained. ately well drained. ately well drained. 
Ae—Aberdeen-Exline loams: 

Aberdeen part ~.------__ Moderate: some- Moderate: slow Moderate: some- Moderate: some- 
what poorly permeability. what poorly what poorly 
drained or moder- drained or moder- drained or moder- 
ately well drained. ately well drained. ately well drained. 

Exline part ~~ ----.u.- Severe: very slow Severe: slow per- Moderate: some- Moderate: some- 
permeability. meability. what poorly what poorly 

drained or moder- drained or moder- 
ately well drained. ately well drained. 
Ar—Arveson sandy loam ~__---____ Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained, drained drained, drained, 
As—Arvilla sandy loam ~_----.---_ plight, 2s too ale Slight ----------__-- PMP oo Sk es Slight. 
AtA—Arvilla sandy loam, gravelly | Slight --..---.--__-_ Slight: 2a2 2-5 ose ne Slight --------_-_u. Slight. 
substratum, 0 to 8 percent 
slopes. 
At8B—Arvilla sandy loam, gravelly | Moderate: slope ----| Slight ---.___--_____ Slighties sete Slight. 
substratum, 38 to 6 percent 
slopes. 
AvA—Arvilla sandy loam, sandy Slight --------__-___ DHeNt also 5) Fed (1 pee ae ma Slight. 
substratum, 0 to 3 pereent 
slopes. 
Agb--Avvilla sandy loam, sandy Moderate: slope -—--| Slight -------_---___ Slight _-----_-______ Slight. 
substratum, 3 to 6 percent 
slopes. 
AxC—Arvilla-Sioux sandy loams, Severe: slope ~--_-- TONG se te [MOG lace ead hd Slight. 
6 to 9 percent slopes. 
Bieber loam, 0 to 8 percent Slight-q-2ocescancen- Slight -----------___ rod (eee ee Slight. 
slopes. 
Bares loam, 8 to 6 percent Moderate: slope ____| Slight _----._.._____ plight couse eee Slight. 
slopes. 
BaC—Barnes loam, 6 to 9 percent | Severe: slope _.__-. Sheht -se.2-secssses SHpNt 2252 | Slight. 
slopes. 
BbA—Barnes-Svea loams, 0 to 3 Shohte. sete SHENG gegeer ol Slight -------_---___ Slight. 
percent slopes. 
BbB—Barnes-Svea loams, 3 to 6 _ Moderate: slope —--_| None to slight _---__ None to slight --____ None to slight. 
percent slopes. 
BcB—Barnes-Svea stony loams, 8 to | Severe: stoniness ~-| Severe: stoniness ~-/ Moderate: stoniness_| Severe: stoniness. 
6 percent slopes. 
BdC-——Barnes-Svea-Buse loams, 6 to 
9 percent slopes: 
Barnes-Svea part -----__ Severe: slope ~----_ None to slight --.-__ None to slight .--___ None to slight. 
Buse: part .n222 505 e Severe: slope __--__ Moderate: moder- Moderate: slope ~--| None to slight. 
ately slow per- 
meability. 
BeC—-Barnes-Svea-Buse stony Severe: stoniness ~-| Severe: stoniness ..) Moderate: stoniness_| Severe: stoniness. 
loams, 6 to 9 percent slopes. 
Bg—Bearden silt loam, saline_____.__| Severe: somewhat Severe: somewhat Moderate: some- Moderate: some- 
poorly drained. poorly drained. what poorly what poorly 
drained. drained. 


Bh—Binford sandy loam__--____--- 

BkA—Binford sandy loam, gravelly 
substratum, 0 to 8 percent 
slopes. 

BkB—Binford sandy loam, gravelly 
substratum, 3 to 6 percent 


slopes. 

BIA—Binford sandy loam, sandy 
substratum, 0 to 3 percent 
slopes. 

BiB—Binford sandy loam, sandy 
substratum, 3 to 6 percent 
slopes. 

BmC—Binford-Coe sandy loams, 6 
to 9 percent slopes. 
BmD-—-Binford-Coe sandy loams, 9 
to 12 percent slopes. 
Bn—Borup silt loam 


Bo—Borup and Marysland silt 


loams, very wet. 


None to slight 
None to slight 


Moderate: slope —--_ 


None to slight 


Moderate: slope —_-. 
Severe: slope —__.. 
Very severe: slope . 
Severe: poorly 
drained. 

Very severe: wet- 
ness, 


None to slight 
None to slight 


None to slight 


None to slight 


None to slight 


None to slight 


Moderate: slope _-__ 
Severe: poorly 
drained. 
Very severe: 
ness. 


wet- 


None to slight 
None to slight 


None to slight 


None to slight 


None to slight 


None to slight 


Moderate: slope _.__ 
Severe: poorly 
drained, 
Very severe: 
ness. 


wet~ 


None to slight. 
None to slight. 


None to slight. 


None to slight. 


None to slight. 


None to slight. 


None to slight. 


Severe: poorly 
drained, 

Very severe: wet- 
ness. 
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TABLE 5.—Degree and kind of soil limitations for recreational uses—Continued 


Symbol and soil Playgrounds Camp areas Picnic areas Paths and trails 
BpB—Borup and Vallers loams, 3 to | Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
6 percent slopes. drained. drained drained. drained, 

8rB—Brantford loam, 3 to 6 percent | Moderate: slope ----| Slight -------------- Slip ht 2.62 cae None to slight. 
slopes. 

BsA—Brantford loam, gravelly Slight --_----.-----_ Slight --..--2.-++--- Slight: 2c e 5 None to slight. 
substratum, 0 to 3 percent 
slopes. 

BsB—Brantford loam, gravelly Moderate: slope ----| Slight -------.-----_ tS) Gis temenee ee ere ee a None to slight. 
substratum, 3 to 6 percent 
slopes. 

BtA—Brantford loam, sandy Slight -------.__---_ Slight .2cscsnc sue Slipht. oo ceee-Se ote None to slight. 
substratum, 0 to 3 percent 
slopes. 

BtB—Brantford loam, sandy Moderate: slope —--.| Slight --.-._--__.--- Slight --.-----___-__ None to slight. 
substratum, 8 to 6 percent 
slopes. . 

BuC——Brantford-Coe loams, 6 to 9 Severe: slope ------ Slight --.-----_._-_- Slight oaks a None to slight. 
percent slopes. 

Bv—Brantford-Kensal loams ____-- Slight --.-----_--_-~ Slight --.--.--.____. Slight 22220225424. None to slight. 

BwE——Buse-Barnes loams, 9 to 30 Very severe: slope ~| Moderate to severe: Moderate to severe: Moderate to severe: 
percent slopes. slope. slope. slope. 

BxD—Buse-Kidgeley loams, 9 to 30 Very severe: slope —| Moderate to severe: Moderate to severe: | Slight to severe: 
percent slopes. slope. slope. slope. 

ByE—Buse and Kloten loams, 6 to Very severe: slope _, Moderate to severe: | Moderate to severe: Slight to severe: 
25 percent slopes. slope. slope. slope. 

BzD—Buse, Sioux, and Zell soils, 3 Moderate to very Slight to severe: Slight to severe: Slight to severe: 
to 30 percent slopes. severe: slope. slope. slope. slope. 

Sotelo cols Moderate: moder- Moderate: moder- None to slight _..___| None to slight. 


Ca—Cathay loam 


ChA—Cathay-Heimdal loams, 0 to 
38 percent slopes: 
Cathay part 


Heimdal part 
ChB—Cathay-Heimdal loams, 3 to 
6 percent slopes: 

Cathay part 


Heimdal part 
Cm—Cathay-Larson loams 


Cn—Cavour-Cresbard loams: 
Cavour part 


Cresbard part ~-~---------- 

Co—Cavour and Vallers stony 
clay loams. 

Cp8—Cavour clay loam, shaly 
variant, 3 to 6 percent 
slopes. 

CrA—Claire loamy coarse sand, 

0 to 8 percent slopes. 

CrB—Claire loamy coarse sand, 

38 to 6 percent slopes. 

Cs—Claire coarse sandy loam-__--- 


Ci+—Claire-Lohnes-Hamar loamy 
coarse sands. 
Cu-—Clontarf sandy loam 

CvB—Coe sandy loam, 0 to 6 
percent slopes. 

CvD—Coe sandy loam, 6 to 25 
percent slopes. 

Cw—Colvin silty clay loam_----__-_ 


Cx—Colvin silty clay loam, saline___ 


ately slow perme- 
ability. 


Moderate: moder- 
ately slow perme- 
ability. 


None to slight 


Moderate: slope —--_ 
Moderate: slope ---~ 
Moderate: moder- 


ately slow and slow 
permeability, wet- 
ness. 


Severe: very slow 
permeability. 

Moderate: slow 
permeability. 

Severe: stoniness -- 


Severe: very slow 
permeability. 


Severe: subject to 
blowing. 

Severe: subject to 
blowing. 

Severe: subject to 
blowing. 

subject to 


Very severe: slope _ 
Severe: poorly 
drained. 

Severe: poorly 
drained. 


ately slow perme- 
ability. 


Moderate: moder- 
ately slow perme- 
ability. 

None to slight 


Moderate: moder- 
ately slow perme- 
ability. 

None to slight 

Moderate: moder- 
ately slow and slow 
permeability. 


Severe: very slow 
permeability. 

Moderate: slow 
permeability. 

Severe: stoniness __ 


Severe: very slow 
permeability. 
Severe: texture ____ 
Severe: texture ____ 
Moderate: texture —_ 


Severe: texture __-_ 


Slight 
Slight 


Severe: slope 


Severe: poorly 
drained. 
Severe: poorly 


drained. 


None to slight 


None to slight 


None to slight 


None to slight 
Slight to moderate: 
moderately well 

drained and 

somewhat poorly 

drained. 
None to slight 


None to slight 


Severe: stoniness —_ 
Moderate: some- 
what poorly 
drained. 
Severe: texture ____ 
Severe: texture ____ 
Moderate: texture —~ 
Severe: texture ___. 
Slieht: 2.44 ee 
Slight: 22-5 s2-s ee 
Severe: slope —-___- 
Severe: poorly 
drained. 
Severe: poorly 
drained. 


None to slight. 
None to slight. 
None to slight. 


None to slight. 

Slight to moderate: 
somewhat poorly 
drained. 


Slight. 
None to slight. 


Severe: stoniness. 

Moderate: some- 
what poorly 
drained. 

Severe: texture. 


Severe: texture. 


Moderate: texture. 


Severe: texture. 
Slight. 

None to slight. 
Moderate: slope. 
Severe: poorly 
drained. 
Severe: poorly 
drained. 
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TABLE 5.—Degree and kind of soil limitations for vecreational uses—Continued 


Symbol and soil 


Playgrounds 


Camp areas 


Pienie areas 


Paths and trails 


Cy—Colvin silty clay loam, very wet_ 


Cz—Cresbard-Cavour loams: 
Cresbard part 


Cavour part 


DvA—Divide loam, 0 to 3 percent 
slopes. 


DvB—Divide loam, 3 to 6 percent 
slopes. 


Dw—Divide loam, saline 


Dx—Divide loam, gravelly 
substratum. 


Dy—Divide loam, sandy substratum. 
Dz—Divide loam, till substratum___- 


EaA—Eckman loam, 0 to 3 percent 
slopes. 
FaB—Eckman loam, 3 to 8 percent 
slopes. 
Eb—Edgeley loam 
EcB—Edgeley and Cavour loams, 
8 to 6 percent slopes: 
Edgeley part 
Cavour part 


Ed—Edgeley loam, gravelly variant. 

EeA—Egeland sandy loam, 0 to 3 
percent slopes. 

EeC—Egeland sandy loam, 6 to 12 
percent slopes. 

Eg—Egeland sandy loam, sandy 

substratum. 

EhA—Egeland fine sandy loam, till 
substratum, 0 to 3 percent 
slopes. 

Eh8—Egeland fine sandy loam, till 
substratum, 3 to 6 percent 


slopes. 
EmC—Egeland-Embden sandy 
loams, till substratum, 6 to 
9 percent slopes. 
EnA—Embden sandy loam, 0 to 3 
percent slopes. 
EoB—Embden-Egeland sandy 
loams, 8 to 6 percent slopes. 
FsA—Embden, Swenoda, and 
Heimdal fine sandy loams, 
0 to 3 percent slopes. 
Es8—Embden, Swenoda, and 
Heimcdal fine sandy loams, 
8 to 6 percent slopes. 
Et—Emrick sandy loam 
Eu—Emrick loam 
EvD—Esmond, Coe, and Embden 
soils, 6 to 25 percent slopes. 
Ew—Exline loam 


Fa—Fargo and Nutley silty clay 
loams: 
Fargo part 


Very severe: wet- 


ness. 


Moderate: slow 
permeability. 
Severe: very slow 
permeability. 
Moderate: some- 
what poorly 

drained, 
Moderate: slope, 
somewhat poorly 
drained. 
Severe: somewhat 
poorly drained, 
high water table. 


Moderate: some- 
what poorly 
drained. 

Moderate: some- 
what poorly 
drained. 

Moderate: some- 


what poorly 

drained. 
None to slight _--__- 
Moderate to severe: 

slopes. 
None to slight 


Moderate: slope ---- 
Severe: very slow 
permeability. 


None to slight 
None to slight 


Severe: slope 
None to slight 


None to slight 


Moderate: slope --__ 


Severe: slope 


None to slight 


Moderate: slope ---- 


None to slight 


Moderate: slope ---~ 


None to slight 
None to slight 
Very severe: 


slope — 


Severe: very slow 
permeability. 


Severe: poorly 
drained. 


Very severe: wet- 


ness. 


Moderate: slow 
permeability. 
Severe: very slow 
permeability. 
Moderate: some- 
what poorly 

drained. 
Moderate: some- 
what poorly 
drained. 
Severe: somewhat 
poorly drained, 
high water table. 


Moderate: some- 
what poorly 
drained. 

Moderate: some- 
what poorly 
drained. 

Moderate: some- 
what poorly 
drained. 


None to slight 


None to slight 
None to slight 


None to slight 
Severe: very slow 
permeability. 


None to slight 

None to slight ~~. 

Slight to moderate: 
slope. 

None to slight 


None to slight 


None to slight 


None to slight 


None to slight 
None to slight 
None to 


None to 


None to slight 

None to slight 

Moderate to severe: 
slope. 

Severe: very slow 
permeability. 


Severe: poorly 
drained. 


Very severe: wet- 


ness. 


None to slight 


None to slight 


Moderate: some- 
what poorly 


drained. 
Moderate: some- 
what poorly 
drained. 
Moderate: some- 


what poorly 


drained. 
Moderate: some- 
what poorly 
drained. 
Moderate: some- 
what poorly 
drained. 
Moderate: some- 


what poorly 

drained. 
None to slight 
None to slight 


None to slight 


None to slight 


Moderate: some- 
what poorly 
drained. 


None to slight 
None to slight 


Slight to moderate: 


slope. 
None to slight 


None to 


None to 


None to 


None to 


None to 


None to 


None to sli 


None to slight 
None to slight 
Moderate to severe: 


slope. 
Moderate: some- 
what poorly 
drained. 
Severe: poorly 
drained. 


Very severe: wet- 
ness, 
None to slight. 
Slight. 
| Moderate: some- 
what poorly 
drained. 
Moderate: some- 
what poorly 
drained. 
Moderate: some- 
what poorly 
drained. 
Moderate: some- 
what poorly 
drained. 
Moderate: some- 
what poorly 
drained. 
Moderate: some- 
what poorly 
drained. 
None to slight. 
None to slight. 
None to slight. 
None to slight. 
Moderate: some- 
what poorly 
drained. 


None to slight. 
None to slight. 


None to slight. 
None to slight. 


None to slight. 
None to slight. 
None to slight. 


None to slight. 
None to slight. 
None to slight. 


None to slight. 


None to slight. 
None to slight. 
Slight to severe: 
slope. 
Moderate: some- 
what poorly 
drained. 


Severe: poorly 
drained, 
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TABLE 5.—Degree and kind of soil limitations for recreational uses—Continued 


Symbol and soil Playgrounds Camp areas Picnic areas Paths and trails 
Fargo and Nutley—continued 
Nutley part ---.--.-----_- Moderate: slow Moderate: slow Moderate: texture ~_| Moderate: texture. 
permeability, permeability. 
texture. 
Fd—Fordville loam —--._---------~_ Slheht 2.22 aSceo ees Sli@ht: secec2n vanes Sliphit jon Sts ews ease None to slight. 
Fm—Fossum sandy loam __---_--~. Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained. drained, drained, drained. 
Fo—Fossum loam ___..--_----_----- Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained. drained. drained, drained. 
Fo—-Fossum and Hamar sandy Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
loams. drained. drained. drained, dvained. 
FrA—Fram loam, 0 to 3 percent Moderate: some- Moderate: some- Moderate: some- Moderate: some- 
slopes. what poorly what poorly what poorly what poorly 
drained. drained. drained, drained, 
FrB—-Fram loam, 8 to 6 percent Moderate: some- Moderate: some- Moderate: some- Moderate: some- 
slopes. what poorly what poorly what poorly what poorly 
drained, slope. drained. drained. drained. 
Fs—Fram loam, saline .-_---_.--_- Severe: somewhat Severe: somewhat Moderate: some- Moderate: some- 


Fw—-Fram and Wyndmere fine 
sandy loams. 


GaA—Gardena loam, 0 to 3 percent 
slopes, 

GaB—Gardena loam, 3 to 6 percent 
slopes. 

Gd—Glyndon loam 


Ge—Glyndon loam, saline 


Gp—Gravel pit. 
Too variable to be rated. 
Ha—Hamar loamy coarse sand____- 


Hb—Hamar loamy sand 
He—Hamar coarse sandy loam___.- 


Hd—Hamar sandy loam -_-----__-- 
HeA—Hamerly loam, 0 to 3 percent 
slopes. 


HeB—Hamerly loam, 3 to 6 percent 
slopes, 
Hf—Hamerly loam, saline 


HgA—Hamerly-Svea loams, 0 to 3 
percent slopes: 
Hamerly part 


Svea part 
Hg8—Hamerly-Svea loams, 3 to 6 

percent slopes: 
Hamerly part 


Svea part 
HhA—Hecla loamy sand, 0 to 8 
percent slopes. 
HhB—Hecla loamy sand, 3 to 6 
percent slopes. 
HkA—Hecla sandy loam, 0 to 3 
percent slopes. 


poorly drained. 


Moderate: some- 
what poorly 
drained. 

Slight: 2. 2-22-55 
Moderate: slope ---- 
Moderate: some- 
what poorly 
drained. 

Severe: somewhat 


poorly drained. 


Severe: poorly 
drained. 
Severe: poorly 
drained. 
Severe: poorly 
drained. 
Severe: poorly 
drained. 
Moderate: some- 
what poorly 
drained. 
Moderate: some- 


what poorly 

drained, slope. 
Severe: somewhat 

poorly drained. 


Moderate: some- 
what poorly 
drained. 


None to slight 


Moderate: some- 
what poorly 
drained, slope. 


Moderate: slope ---_ 
Moderate: texture —_ 
| Moderate: texture, 
slope 


None to slight 


poorly drained, 
high water table. 


Moderate: some- 
what poorly 
drained. 

None to slight 


None to slight ~----- 

Moderate: some- 
what poorly 
drained. 

Severe: somewhat 
poorly drained, 
high water table. 


Severe: poorly 
drained. 
Severe: poorly 
drained. 
Severe: poorly 
drained. 
Severe: poorly 
drained. 
Moderate: some- 
what poorly 
drained. 
Moderate: some- 
what poorly 
drained. 
Severe: somewhat 
poorly drained, 
high water table, 


Moderate: some- 
what poorly 
drained. 

None to slight 


Moderate: some- 
what poorly 
drained. 

None to slight —.--__ 

Moderate: texture —_ 

Moderate: texture ._ 


None to slight 


what poorly 
drained, high 
water table. 


Moderate: some- 
what poorly 
drained. 


None to slight 


None to slight 


Moderate: some- 
what poorly 
drained. 

Moderate: some- 
what poorly 
drained, high 
water table. 


Severe: poorly 
drained. 
Severe: poorly 
drained. 
Severe: poorly 
drained. 
Severe: poorly 
drained. 
Moderate: some- 
what poorly 
drained. 
Moderate: some- 
what poorly 
drained. 
Moderate: some- 


what poorly 
drained, high 
water table. 


Moderate: some- 
what poorly 
drained. 


None to slight 


Moderate: some- 
what poorly 


drained, 
None to slight ..--__ 
Moderate: texture —_ 
Moderate: texture 


None to slight 


what poorly 
drained. 


Moderate: some- 
what poorly 
drained. 

Slight. 


Slight. 


Moderate: some- 
what poorly 
drained. 

Moderate: some- 
what poorly 


drained. 
Severe: poorly 
drained. 
Severe: poorly 
drained. 
Severe: poorly 
drained. 
Severe: poorly 
drained. 
Moderate: some- 
what poorly 
drained. 
Moderate: some- 


what poorly 
drained. 


Moderate: some- 
what poorly 
drained. 

Moderate: some- 


what poorly 
drained. 
None to slight. 


Moderate: some- 
what poorly 
drained. 

None to slight. 

Moderate: texture. 


Moderate: texture. 


None to slight. 
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TABLE 5.—Degree and kind of soil limitations for recreational uses—Continued 


Symbol and soil Playgrounds t Camp areas Picnic areas Paths and trails 
HkB—Hecla sandy loam, 8 to 6 Moderate: slope _--_| None to slight ------ None to slight ._____ None to slight. 
percent slopes. 
H|IB—Hecla-Dickey fine sandy Moderate: slope ----| None to slight -..--- None to slight ____-_ None to slight. 
loams, 8 to 6 percent slopes. 
'Hm—Hecla-Hamar loamy sands: 
Hecla. part..5 22. csos Moderate: texture __| Moderate: texture --; Moderate: texture --| Moderate: texture. 
Hamar part ~----.__-__~~ Severe: poorly Severe: poorly Severe: poorly evere: poorly 
drained. drained. drained, drained. 
HnA—Hecla-Maddock loamy sands, |; Moderate: texture --; Moderate: texture --| Moderate: texture -_| Moderate: texture. 
0 to 3 percent slopes. 
Hn8—Hecla-Maddock loamy sands, | Moderate: texture, Moderate: texture —_| Moderate: texture —-| Moderate: texture. 
8 to 6 percent slopes. slope. 
HoA—Heimdal sandy loam, 0 to 3 None to slight --_--- None to slight --_--- None to slight -.---- None to slight. 
percent slopes. 
HoB—Heimdal sandy loam, 3 to 6 Moderate: slope _---| None to slight ~.__-.- None to slight ~__-- None to slight. 
percent slopes. 
HoC—Heimdal sandy loam, 6 to 9 Severe: slope __----| None to slight ~---~- None to slight —~W.. None to slight. 


pereent slopes. 
HpA—Heimdal loam, 0 to 3 percent 


slopes. 

HpB—Heimdal loam, 8 to 6 percent 
slopes. 

Hee Hoimdal loam, 6 to 9 percent 
slopes, 


HetiPlemntal: Embden fine sandy 
loams, 9 to 15 percent 
slopes. 

Hr—é—Heimdal-Embden fine sandy 
ne 15 to 25 percent 
slo 

I As aeindal: Emrick loams, 

0 to 8 percent slopes. 

HsB—Heimdal-Emrick loams, 

3 to 6 percent slopes. 

HtC—Heimdal-Emrick-Esmond 
loams, 3 to 9 percent 
slopes: 

Heimdal-Emrick part ~~~ 


Esmond part 
HtD—Heimdal-Emrick-Esmond 
loams, 9 to 15 percent 
slopes. 
cee eieietal: Emrick-Esmond 
loams, 15 to 25 percent 
slopes. 
Ke—Kensal loam 
Kf—_Kensal loam, sandy substratum_ 
KoE—Kloten loam, 9 to 80 percent 


slopes. 
KsE—Kloten, Sioux, and Edgeley 
soils, 12 to 25 percent 
slopes, 
Kt—Kratka fine sandy loam___----- 


La—LaDelle silty clay loam__.----- | 

Lb—Lallie silty clay loam_____----- 

Le—Lamoure silty clay loam ~-~-~- 

Lm—Lamoure silty clay loam, 

saline. 

Ln—La Prairie silt loam .-_-__----- 

Lp—La Prairie-Lamoure complex: 
La Prairie part 
Lamoure part 


tr—Larson loam 


Ls—Lemert sandy loam 


None to slight 


Moderate: slope —--- 


Severe: slope 


Very severe: slope _ 


Very severe: slope — 


None to slight 


Moderate: slope ---- 


Moderate to severe: 


slope. 
Severe: slope _.--_- 
Very severe: slope — 
Very severe: slope — 


None to slight 
None to slight 
Very severe: 


slope _ 


Very severe: slope . 


Severe: poorly 
drained. 
Moderate: 
Severe: poorly 
drained. 

Severe: poorly 
drained. 

Severe: poorly 
drained. 
Moderate: 


Moderate: flooding _ 

Severe: poorly 
drained. 

Moderate: slow 
permeability. 


flooding — 


Severe: poorly 
drained. 


flooding _ 


None to slight 


None to slight 


None to slight 


Moderate: slope —--- 


Severe: slope 


None to slight 


None to slight 


None to slight 


Moderate: slope -.-- 
Moderate: slope ---- 
Severe: slope ~.--~- 


None to slight 

None to slight 

Moderate to severe: 
slope. 

Moderate to severe: 
slope. 


Severe: poorly 
drained, 

Severe: flooding —_-- 

Severe: poorly 
drained. 

Severe: poorly 
drained. 

Severe: poorly 
drained. 

Severe: flooding —--- 


Severe: flooding —-_ 

Severe: poorly 
drained. 

Moderate: slow 
permeability. 


Severe: poorly 


drained, 


' None to slight 


None to 


None to 


Moderate: slope _--_ 


Severe: slope _--W- 


slope 


None to slight 


None to slight 


None to slight 


Moderate: slope ---_ 
Moderate: slope ---- 
Severe: slope —_.~~ 


None to slight 

None to slight 

Moderate to severe: 
slope. 

Moderate to severe: 
slope. 


Severe: poorly 
drained. 


Moderate: flooding — 

Severe: poorly 
drained. 

Severe: poorly 
drained. 

Severe: poorly 
drained, 

Moderate: flooding _ 

Moderate: flooding _ 

Severe: poorly 
drained. 

Moderate: moder- 


ately well drained 
and somewhat 
poorly drained. 

Severe: poorly 
drained. 


None to slight, 


None to slight. 
None to slight. 
None to slight. 


Moderate: slope. 


None to slight. 
None to slight. 


None to slight. 


Slight. 
None to slight, 


Moderate: slope. 


None to slight. 

None to slight. 

Slight to severe: 
slope. 

Slight to moderate: 
slope. 


Severe: poorly 
drained, 

Moderate: flooding. 

Severe: poorly 
drained. 

Severe: poorly 
drained. 

Severe: poorly 
dyained,. 

Moderate: flooding. 

Moderate: flooding. 

Severe: poorly 
drained. 


Slight to moderate: 
somewhat poorly 
drained. 


Severe: 


poorly 
drained. 
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TABLE 5.—Degree and kind of soil limitations for recreational uses—Continued 


Symbol and soil Playgrounds Camp areas Picnic areas Paths and trails 
Lt—Letcher sandy loam ~_----._--- Moderate: some- Moderate: some- Moderate: some- Moderate: some- 
what poorly what poorly what poorly what poorly 
drained. drained. drained. drained. 
Lu—Leteher sandy loam, till Moderate: some~- Moderate: some- Moderate: some- Moderate: some- 
substratum. what poorly what poorly what poorly what poorly 
drained. drained. drained. drained, 
Lv—Lohnes loamy coarse sand -___~ Nias subject to Severe: texture _-__| Severe: texture -_-_-| Severe: texture. 
owing. | 
Lw—Lohnes coarse sandy loam_____ aaa subject to Moderate: texture __| Moderate: texture __| Moderate: texture, 
owing. 
Lx—Ludden silty clay ---------~_-- Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained, drained. drained. drained. 
Lz—Ludden-Lamoure complex ---~- Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained, drained. drained. drained. 
MaA—Maddock loamy sand, 0 to Moderate: texture __| Moderate: texture __| Moderate: texture --| Moderate: texture. 
3 percent slopes. 
MaB—Maddock sandy loam, 3 to Moderate: texture, Moderate: texture _.; Moderate: texture _.| Moderate: texture, 
6 percent slopes. slope. 
MaC—Maddock loamy sand, 6 to Severe: texture, Moderate: texture __| Moderate: texture} Moderate: texture. 
9 percent slopes. slope. 
MbA—Maddock sandy loam, 0 to 3 None to slight .---.- None to slight -----_ None to slight ------ None to slight. 
percent slopes. 
MbB-—Maddock sandy loam, 6 to 9 Moderate: slope __._| None to slight ----_ None to slight -----_ None to slight. 
percent slopes. 
MbC—Maddock sandy loam, 6 to 9 Severe: slope -----. None to slight ~----- None to slight ----— None to slight. 
ercent slopes. 
MdB—Maddock-Dickey sandy Slight to moderate: None to slight -----~ None to slight -----~ None to slight. 
loams, 0 to 6 percent slope. 
slopes. 
MdC—Maddock-Dickey sandy Severe: slope —----- None to slight -----_ None to slight ------ None to slight. 


loams, 6 to 9 percent 
slopes. 
MeD—Maddock-Serden loamy fine 
sands, 9 to 30 percent 
slopes: 
Maddock part 


Serden part ------------ 
MfD—Maddock-Serden-Hecla 
loamy fine sands, 9 to 25 
percent slopes: 
Maddock-Hecla part ~--- 


Serden part 


Mg—Made land. 
Too variable to be rated. 
Mh—Marsh. 
Too variable to be rated. 
Mm—Marysland loam 


Mn—Marysland and Arveson loams_ 


MwC-—Minnewaukan loamy fine 
sand, 6 to 9 percent 
slopes. 

Mx—Miranda-Cavour clay loams —-- 


Os—Osakis sandy loam 
Ot—Osakis sandy loam, gravelly 
substratum. 
Ou—Osakis sandy loam, till 
substratum. 
Ov—Overly silty clay loam 


Pa—Parnell silty clay loam 
Pe—Peat. 

Too variable to be rated. 
Pr—Perella silty clay loam 


Ra—Rauville silty clay loam 


Very severe: slope, 
texture. 

Very severe: slope, 
texture. 

Very severe: slope, 
texture. 

Very severe: slope, 
texture. 

Severe: poorly 
drained. 

Severe: poorly 
drained, 

Severe: flooding —--- 
Severe: very slow 
permeability. 


None to slight 
None to slight 


None to slight 


Moderate: moder- 
ately slow per- 
meability. 

Severe: wetness __-_ 


Severe: poorly 
drained. 
Severe: wetness _.__ 


Moderate to severe: 
slope, texture. 

Severe: slope, 
texture. 


Moderate to severe: 
slope, texture. 


Severe: slope, 
texture. 

Severe: poorly 
drained. 

Severe: poorly 
drained. : 

Severe: flooding _.-_ 

Severe: very slow 


permeability. 
None to slight 
None to slight 


None to slight 


Moderate: moder- 
ately slow perme- 
ability, texture. 


Severe: wetness _--_ 

Severe: poorly 
drained. 

Severe: wetness _--_ 


Moderate to severe: 
slope, texture. 

Severe: slope, 
texture. 


Moderate to severe: 
slope, texture. 

Severe: slope, 
texture. 


Severe: poorly 
drained. 

Severe: poorly 
drained. 


Severe: flooding ~~~ 


Moderate: texture —— 


None to slight 
None to slight 


None to slight 


Moderate: texture —— 


Severe: wetness __-- 


Severe: poorly 
drained. 
Severe: wetness ____ 


Moderate: slope, 
texture, 
Severe: slope, 
texture. 
Moderate: slope, 
texture. 
Severe: slope, 
texture. 
Severe: poorly 
drained. 
Severe: poorly 
drained. 
Severe: flooding. 
Moderate: texture. 


None to slight. 
None to slight. 


None to slight. 


Moderate: texture, 


Severe: wetness. 


Severe: poorly 
drained. 
Severe: wetness. 
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TABLE 5.—Degree and kind of soil limitations for recreational uses—Continued 


Symbol and soi! Playgrounds Camp areas Pienic areas Paths and trails 
penmed loam, 0 to 3 percent | Slight ____--__-_____ Slight _--_----.-____ Slight _.------______ Slight. 
slopes. 
ay loam, 3 to 6 percent | Moderate: slope ~.--) Slight --..--------.. Slight ---------__-___ Slight. 
slopes. 
Rn—Renshaw loam, gravelly Slight:.2:222525-2-2 Might october Set Slight ..------.----- Slight. 
substratum. 
Rs—Renshaw loam, sandy Slight ..-2.->---__- SliPhe sence cee Slight ..------_____ Slight. 
substratum. 
Rt—Renshaw loam, till substratum_| Slight __-.-----.---- Sheht.2.-* 3.24225) Slight ----.----____ Slight. 
Ry—Ryan silty clay loam ~-.-_.~__-- Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained, very slow drained, very slow drained, flooding. drained. ‘ 
permeability, permeability, 
. flooding. flooding. 
Ri-—-Ryan and Lamoure silty clay Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
loams. drained, flooding. drained, flooding. drained, flooding. drained, 
Se—Serden-Hamar sands: 
Serden part _------------- Severe: texture -_--| Severe: texture ..__| Severe: texture ~--_| Severe: texture. 
Hamar part ~--/-.----~--- Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained. drained. drained. drained. 
SoB—Sioux gravelly loam, 0 to 6 Moderate: texture, Slight __---_-______ Slight .---.--.______ Slight. 
percent slopes. slope. 
SoE—Sioux gravelly loam, 6 to 25 Very severe: slope _| Severe: slope -----_ Severe: slope __.___| Moderate: slope. 
percent slopes. 
Sp—Spottswood loam ~.~----.----~ Slight) wooteence- 2 - Moderate: flooding | Slight _...-...-_____ Slight. 
Sr—Spottswood loam, sandy RL Gy eee re te a ee Moderate: flooding | Slight _--.---_-_____ Slight. 
substratum. 
Ss—Stirum sandy loam ~----.----- Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained, drained. drained. drained. 
St—Svea loam -.-.---.---~------- None to slight -----_ None to slight ----_- None to slight ----__ None to slight. 
Su—Svea loam, cobbly variant----_ Moderate: moder- Moderate: moder- None to slight ..____ None to slight. 
ately slow per- ately slow perme- 
meability. ability. 
SvA—Svea-Barnes loams, 0 to 3 None to slight ~.-_-. None to slight -.-.__ None to slight --____ None to slight. 
percent slopes. 
SvB—~Svea-Barnes loams, 3 to 6 Moderate: slope _-__| None to slight ._____ None to slight -.____ None to slight. 
percent slopes. 
SwC—Svea-Buse-Barnes loams, 6 to 
9 percent slopes: 
Svea-Barnes part .---.~. Severe: slope --__.. None to slight ~-.___ None to slight _-____ None to slight. 
Buse: ‘part i2-5..-s--.-- Severe: slope —--___ Moderate: slope _---| Moderate: slope ~--_} None to slight. 
Sx—Svea-Cresbard loams: 
Svea part ~-_---_---------_- None to slight -.-.-- None to slight -__.__ None to slight --~-__ None to slight. 
Cresbard part ~-------~----- Moderate: slow Moderate: slow None to slight ---___ None to slight. 
permeability. permeability. 
Sz—Swenoda-Embden fine sandy None to slight ------ None to slight ______ None to slight ~---___ None to slight. 
oams. 
TiTiffany sandy loam —-------_-- Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained. drained, drained. drained. 
Tg—Tiffany fine sandy loam, till Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
substratum. drained. drained. drained. drained. 
Tn—Tolna loam —_----+---------- ' Severe: flooding.-___| Severe: flooding ..__| Moderate: flooding _| Moderate: flooding. 
To—Tonka silt loam ~_------------ Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained, drained. drained. drained. 
Ts—Totten sandy loam ~---------_- Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained. drained. drained, drained. 
Ti—Totten loam _______-------~-_- Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained, drained. drained, drained. 
Tu-—Totten loam, very wet.----..-- Severe: wetness _.__-| Severe: wetness ____| Severe: wetness ____| Severe: wetness. 
Tv—Totten loam, till substratum____| Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained. drained, drained. drained. 
TwA—Towner fine sandy loam, 0 to | None to slight —~-____' None to slight ---___ None to slight ~-____ None to slight. 
3 percent slopes. 
TwB—Towner fine sandy loam, 3 to | Moderate: slope ----| None to slight ---__~ None to slight ..-___ None to slight. 


6 percent slopes. 
Tx—Towner-Dickey fine sandy 
loams. 
Va—Vallers loam 


Vn—Vang loam 
Yo—Venlo sandy loam 


Wa—Wahpeton silty clay 
WbB—Walsh loam, 3 to 6 percent 
slopes. 


None to slight 


Severe: poorly 
drained. 
None to slight 
Very severe: 
ness. 
Severe: 
Moderate: 


wet- 


texture -_.- 
slope -__.. 


None to slight --____ 

Severe: poorly 
drained. 

None to slight 


Very severe: wet- 
ness, 

Severe: texture _.W_ 

Slipht) a2 Soe a! 


None to slight ______ 

Severe: poorly 
drained. 

None to slight 


Very severe: wet- 
ness, 

Severe: texture ____ 

Slight: 2242 Sa 


None to slight. 


Severe: poorly 
drained. 

None to slight. 

Very severe: 
wetness. 

Severe: texture. 

Slight. 
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TABLE 5.—Degree and kind of soil imitations for recreational uses—Continued 


Symbol and soil Playgrounds 


Camp areas 


Picnic areas Paths and trails 


WbC—Walsh loam, 6 to 9 percent Severe: slope --.--_ Slight o.oo cS Shehtncc 2a le Slight. 
slopes. 

WcA—Walsh clay loam, 0 to 8 Moderate: texture --; Moderate: texture -_! Moderate: texture -_| Moderate: texture. 
percent slopes. 

WcB—Walsh clay loam, 3 to 6 Moderate: texture, Moderate: texture _.| Moderate: texture __| Moderate: texture. 
percent slopes. slope. 

WcC—Walsh clay loam, 6 to 9 Severe: slope ~--_-- Moderate: texture __| Moderate: texture __! Moderate: texture. 


percent slopes. 
Wd—Walum sandy loam ~_---_-__- 
We—Walum sandy loam, gravelly 
substratum, 
Wi—Warsing loam 
Wg—Warsing loam, sandy 
substratum. 
Wm—Warsing loam, till substratum_ 


None to slight ---.__ 
None to slight ~--___ 


None to slight ----.. 
None to slight -.-.-_ 


None to slight ----__ 


None to slight ------ 
None to slight ---__- 


None to slight ---.-_ 
None to slight ----_- 


None to slight ---___ 


None to slight ---___ 
None to slight ---.__ 


None to slight. 
None to slight. 


None to slight ----__ 
None to slight _---__ 


None to slight. 
None to slight, 


None to slight —.--__ None to slight. 


Wn—Wyard loam _.-.-------_--__ Severe: flooding ----} Severe: flooding --._| Severe: flooding _-__.| Moderate: flooding. 
Wo—Wyndmere sandy loam —~----_- Slight -.------.-__ Slight _.-----_.--e Slight _-.-----_- Slight. 
Wp—Wyndmere sandy loam, till Shiphticcio co So Slight ~..-=-- 4... Slightous oe cot Slight. 
substratum. 
Wr——Wyrene sandy loam —~------_-- Sliehit 222352522 secee Slight) 222202 se Slight .-.------ Slight. 
Ws—Wyrene sandy loam, till Slight: -22.222 ok Slight <22.2eenes sss Slight <2 265-2. Slight. 
substratum. 
Wit-—-Wyrene-Totten sandy loams: 
Wyrene part —__________-__ Slight --.------- Slight. 222-2 sou sos Slipht-.. seuleccee Slight. 
Totten part ~~~ ---..---~ Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained. drained. drained. drained. 


of other kinds of soil that have strongly contrasting 
properties and different suitabilities or limitations for 
soil engineering. 

The “Glossary” defines many terms that are com- 
monly used in soil science. 


Engineering soil classification systems 


The two systems most commonly used in classifying 
samples of soils for engineering are the Unified sys- 
tem (10) used by SCS engineers, the Department of 
Defense, and others, and the AASHTO system (7) 
adopted by the American Association of State High- 
way and Transportation Officials. 

The Unified system is used to classify soils accord- 
ing to engineering uses for building material or for 
the support of structures other than highways. Soils 
are classified according to particle-size distribution, 
plasticity index, liquid limit, and organic-matter con- 
tent, Soils are grouped into 15 classes. There are eight 
classes of coarse-grained soils that are subdivided on 
the basis of gravel and sand content. These are identi- 
fied as GW, GP, GM, GC, SW, SP, SM, and SC. Six 
classes of fine-grained soils are subdivided on the basis 
of the plasticity index. Nonplastic classes are ML, 
MH, OL, and OH; plastic classes are CL and CH. There 
is one class of highly organic soils, Pt. Soils on the 
borderline between two classes are designated by sym- 
bols for both classes, for example, CL-ML. 

The AASHTO system is used to classify soils accord- 
ing to those properties that affect use in highway con- 
struction and maintenance. In this system, a soil is 
placed in one of seven basic groups ranging from A-1 
through A-7 on the basis of grain-size distribution, 
liquid limit, and plasticity index. In group A~1 are 
gravelly soils of high bearing strength, or the best 
soils for subgrade (foundation). At the other extreme, 


in group A-7, are clay soils that have low strength 
when wet and that are the poorest soils for subgrade. 
Where laboratory data are available to justify a 
further breakdown, the A-1, A-2, and A-7 groups 
are divided as follows: A~l-a, A-1~b, A-2-4, A-2-5, 
A-2-6, A-2-7, A~7-5, and A-7-6. As additional refine- 
ment, the engineering value of a soil material can be 
indicated by a group index number. Group indexes 
range from 0 for the best material to 20 or more for 
the poorest. The AASHTO classification for tested soils, 
with group index numbers in parentheses, is shown in 
table 9; the estimated classification, without group 
index numbers, is given in table 6; the estimated 
classification, without group index numbers, is given 
in table 6 for all soils mapped in the survey area. 
Soil properties significant in engineering 

Several estimated soil properties significant in en- 
gineering are given in table 6, These estimates are 
made by layers of representative soil profiles having 
significantly different soil properties. The estimates 
are based on field observations made in the course of 
mapping, on test data for these and similar soils, and 
on experiences with the same kinds of soil in other 
counties. Depth to bedrock is not shown because with 
the exception of three soils it is far enough below the 
surface to be no problem for engineering purposes. 
The exceptions are Kloten and Edgeley soils and the 
Cavour variant. Kloten soils are 10 to 20 inches to 
bedded shale; Edgeley soils are 24 to 36 inches to 
bedded shale; and the Cavour variant is 25 to 45 inches 
to bedded shale. Following are explanations of some 
of the columns in table 6. 

Depth to seasonal high water table is the distance 
from the surface of the soil to the highest level that 
ground water reaches in the soil in most years. 
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TABLE 6.—E'stimated engineering 


[An asterisk in the first column indicates that at least one mapping unit in this series is made up of two or move kinds of soil. The 
as indicated in the first column of this table. The symbol 


ie : Percentage passing 
Depth to Depth Classification Fraction sieve— 
Soil series and seasonal ie greater 
map symbols high water avtace than 3 
table | SU*4 USDA Unified AASHTO inches No. 4 No. 10 
texture (4.7 mm) (2.0 mm) 
Feet Inches Percent 
*Aberdeen: Ab, Ae __ 1-5 0-7 Loam) ~---------- ML or CL A-4 or A-6 |---------- 100 100 
For Exline part 7-11 | Very fine sandy ML de aces in eae ae 100 100 
of Ae, see loam. | 
Exline series. 11-35 | Clay loam ~_-..--_ CLor CH A-6 or A-7 |_--- ~~~ 100 100 | 
35-60 | Very fine sandy ML A=4 00° Joe ce 100 95-100 
loam. 
Arveson: Ar  __--.-- 0-3 0-21 | Sandy loam —__.~- SM A-2 or A-4 |_-- ue 95-100 95-100 
21-60 ; Sand, sandy loam _ eee A-2 or A-8 |~~---- + 95-100 95-100 
*Arvilla: 
As, AtA, AtB, AxC ___ >5 0-18 | Sandy loam ~~~ SM A-2 or A-4 J_----_-__- 95-100 95-100 
For Sioux part of 18-60 | Graveland sand --| GMor SM A-1 <5 40—75 ° 20-65 
AxC, see Sioux 
series 
AvA, AvB _---_-_-- >5 0-18 |} Sandy loam __-_- SM A-2 or A-4 |__-_______- 95-100 95-100 
18-60 | Sand _------_---- SM Wey ae 15-95 70-85 
*Barnes: BaA, BaB, >5 0-6 | Loam ~-_~-~------ ML or CL A-4 or A-6 () 90-100 90-100 
BaC, BbA, BbB, BcB, 
BdC, BeC. 
For Svea part of 6-60 | Clay loam ~__-____ CL or A-4, A-6 @) 90-100 85-100 
BbA, BbB, BcB, ML-CL or A-7 
BdC, and BeC, 
see Svea series. 
For Buse part 
of BdC and 
BeC, see Buse 
series. 
Bearden: Bg ~-----_- 1-5 0-15 | Silt loam ~~~ ~~ ML or CL A-4 or A-6 |__---_-___ 100 100 
15-48 | Silty clayloam —~_] CL A-T oy A-6 |__----__-- 100 | 100 
48-60 | Sand and gravel __| SM A-2 or A-1 |_~---__-e 80-90 70-80 
*Binford: | 
Bh, BkA, BkB, BmC, >5 0-13 | Sandy loam ____-_ SM A-2 or A-4 }__--_--__- 95-100 90-100 
BmD. 18-60 ; Shaly gravel and SM -1 <5 70-90 60-80 
For Coe part of sand. 
BmC and BmD, 
see Coe series. 
BIA, BIB ---.--.-___| >5 ; 0-18 | Sandyloam ~-___. SM A~-2 or A-4 |_-- 100 100 
| 18-60 | Shaly sand _______ SM A-2 <1 85-100 80-95 
*Borup: Bn, Bo, BpB —- 0-3 0-11 | Silt loam and ML A-4A JL 100 100 
For Marysland loam. 
part of Bo, see 
Marysland 11-54 | Silt loam ________ ML Bed Wehner ed 100 100 
series. For 
Vallers part of 
BpB, see Vallers 54-60 | Sand and gravel __| SM A~-2 or A~4 <1 80-90 70-80 
series. 
Brantford: >5 0-15 | Loam __-_---__-___ ML-CL, A~4 or A-6 j__- 95-100 85-100 
BrB, BsA, BsB, BuC, ML or CL 
By. 15-60 Biel y raves and SM A-2 or A-1 <5 70-95 60-90 
sand. 
BtA, BtB ~.-----.---- >5 0-15 |) Loam ~~-_----__- ML or CL A-4 or A-6 |_0- 95-100 90-100 
15-60 | Shaly sand ~..____ SM A~2 <1 85-100 80-95 
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properties of the soils 


soils in such mapping units may have different properties and limitations, and for this reason it is necessary to refer to other series 
> means more than; the symbol < means less than] 


Percentage passing } inet a 
sieve = Canned Available Shrink- i camadi 
Liquid Plasticity | Perme- water Soil | Salinit well 
limit index ability ey reaction MEY. ial 
No. 40 No. 200 capacity | patentia Uncoated C : 
(0,42 mm) | (0.047 mm) steel | oncrete 
Inches Inehes pH Minhos 
per hour per inch ) per em 
of soil at 23° ¢ 
85-95 60~75 20-40 4-20 0.6-2.0 0.18-0.22 641=6.5 |e. Low uuu-- High ----_ | Low. 
85-95 50—65 20-40 2-10 0.6-2.0 0.18-0.22 TANTS |xaesee Low —~---- High ___-_ Low. 
90-100 70-80 30-60 12-85 | 0.06-0.2 0.15-0.17 7,9-9.0 8-16 | High ___-- High —_--- Moderate. 
85-95 50-65 20-40 2-10 0,6-2.0 0.14-0.17 7.4-9.0 4-8 Low ~---- High ~_--- Moderate. 
60-70 80-40 20-40 2-10 2.0-6.0 0.15-0.18 74-8.4 |.------- Low ~-W-- High -_--- Low. 
50-75 5-385 ‘NP ‘NP 2.06.0 0.03-0.06 Waat8: |seeee ces Low --W-- High 2+. Low. 
60-70 30-40 20-40 2-10 2.0-6.0 0.18-0.18 6.6-7.3 |-__----_- Low ~-W-- Moderate _) Low. 
15-40 8-10 NP NP >20.0 } 0,03-0.05 6.67.8) loo ek Low ~-W-- Moderate _| Low. 
60-70 30-40 20-40 2-10 2.0-6.0 0.18-0.18 6.6-7.38 |------~- Low ----- Moderate _, Low. 
25-40 5-20 NP >20.0 | 0.04-0.06 6.6-7.8 |------- Low ___-- Moderate Low. 
80-95 55-75 20-40 4-20 0.6-2.0 0.20-0.22 6.1-6.5 J-------- Low to Moderate _| Low. 
moder- 
ate. 
75-100 55~80 20-50 4-25 0.2-0.6 0.16-0.18 6.6-8.4 0-4 Moderate | High ~-___ Low. 
to high. 
90-100 70-90 25-40 | 4-20 0.6-2.0 0.18-0.20 7.4-7.8 8-16 | Low to High ~____ Moderate. 
moder- 
ate 
95-100 85-95 35-50 15-80 0.2--0.6 0.17-0.19 TA~T8 8-16 | High —---- High: scene Moderate. 
40-60 10-25 P NP 2.0-20.0 | 0.03-0.06 7.47.8 4-16 | Low ~-_-- High ~-___ Moderate. 
60-70 30-40 20-40 2-10 2.0-6.0 0.18-0.18 6.1-6.5 |.------- Low .-ess= Moderate ~| Low. 
25-40 10-25 NP NP 20.0 | 0.08-0.05 7.4-7.8 j__-- Low ~~~ Moderate _| Low. 
60-70 80-40 20-40 2-10 2.0-6.0 0.13-0.18 6.1-6.5 |.---_--- OW. aoe Moderate ~| Low. 
50-70 15-30 NP NP >20.0 | 0.03-0.06 T4ST.8 |e oe LOW 22225 Moderate _| Low. 
85-95 70-85 25-40 2-10 0.6-2.0 0.20-0.22 74-7.8 |..---- Low to High —---- Low. 
moder- 
ate. 
85-95 70-85 25-40 2-10 0.6~-2.0 0.19-0.21 7.4-7.8 0-4 Low to High ____. Low. 
moder- 
ate. 
40-60 10-25 NP NP 6.0-20.0 | 0.03-0.05 74-7.8 |. ---- Low —~--- High ~~~ Low, 
85-95 55-75 20-40 4-20 2.0-6.0 0.20~0.22 6.6-7.3 j------__ Low —-_-- Moderate _| Low. 
25-60 10-25 NP NP >20.0 | 0.08-0.05 7.9-8.4 |__-_---_ Low 255 Moderate _| Low. 
85-95 60-75 20-40 4-20 2.0-6.0 0,.20-0,22 6.6-7.3 |_------- Lew 22252 Moderate _| Low. 
50-70 15-30 NP NP 20.0 | 0.08-0.06 7.9-8.4 |. .--__ Low ___-- Moderate Low. 
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TAULE 6.—Estimated engineering 


seas Percentage passin 
Depth to | peneh Classification acho oe Pp & 
Soil series and seasonal ree greater 
map symbols high water eaueace than 8 
table USDA Unified AASHTO inches No. 4 No. 10 
texture (4.7 mm) (2.0 mm) 
Feet Inches Percent 
ang ave BxD, >5 0-7 Oat ooo oe bo ML or CL A-4 or A-6 0-25 90-100 80-95 
ByE, BzD. 
For Barnes part 
of BwE, see 7-60 | Loam ~------_--__ cL A-6 0-25 90-100 80-95 
Barnes series; 
for Edgely part 
of BxD, see 
Edgely series; 
for Kloten part 
of ByE, see 
Kloten series; 
and for Sioux 
and Zell parts 
of BzD, see 
Sioux and Zell 
series, 
*Cathay: Ca, ChA, 1-5 0-9 Lam jes--2==22-25 ML Aad Eero merous 100 95-100 
ChB, Cm. 
For Heimdal part 
of ChA and 9-82 | Clay loam -------_ cL A-6 or A-T |---------- 100 95-100 
ChB, see 32-60 | Loam ~ -~-------_ ML =| | (eaten esen 100 95-100 
Heimdal series. 
For Larson 
part of Cm, 
see Larson 
series, 
*Cavour: Cn, Co ---- 0-5 0-4 A-4 or A-6 9 9-25 95-100 90-100 
For Cresbard 4-19 A-T "0-25 95-100 95-100 
part of Cn, see 19-48 A-6 or A-7 7 0-25 95-100 90-100 
Cresbard 48-60 A-6 + 0-25 95-100 90-100 
series; for 
Vallers part 
of Co, see 
Vallers series. 
Cavour variant: >5 0-5 Clay loam —----.-~ CL A-6 or A-7 <1 1.00 95-100 | 
CpB. 5-32 | Silty clay ~.-.---- CH A-7 <1 100 100 
82-60 | Weathered shale. 
*Claire: CrA, CrB, >5 0-8 Loamy coarse SM A-2 [ete 95-100 85-100 
Cs, Ct. sand, coarse 
For Lohnes and sandy loam. 
Hamar part of 8-48 | Coarse sand ~_---- SP-SM A-3 95-100 85-100 
Ct, see the 48-60 | Fine sand ~~__--.~ SM, SW-SM | A-2 100 100 
Lohnes series 
and Ha in the 
Hamar series. 
Clontarf: Cu ------_ 3-5 0-26 | Sandy loam ~___-- SM A-2 or A—4 {io 95-100 90-100 
26-60 | Sand ~--~-----_--- SP-SM Aegean 95-100 90-100 
or SM 
Coe: CvB, CvD ._____ >5 0-6 Sandy loam, SM A-2 or A-4 <1 90-100 85-100 
shaly loam. 
6-16 | Coarse sand SM A-2 <5 80-90 85-95 
and gravel. 
16-60 | Shaly coarse sand SM or GM A-1 or A-2 <5 30-90 25-75 
and gravel. 
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properties of the soils—Continued 
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Percentage passing ee 
sieve—-Continued Available | Shrink- pees 
Liquid Plasticity | Perme- : Soil rae 
id” < ; — water : Salinity swell 
limit index ability avincit reaction otential 
| No. 40 No. 200 ae ead e : Uncoated Concrete 
(0.42 mm) |(0.047 mm) steel 
per hour Inches pu Mimhos 
per inch per cm 
of soil at 25°C 
70-90 60-75 20-40 4-20 0.6-2.0 0.20-0.22 , 6.6-7.8 |-------~ Low to Moderate _| Low. 
moder- 
ate. 
70-90 60-75 20-40 12-20 0.2-0.6 0.17-0.19 7.9-8.4 0-4 Moderate -| Moderate _| Low. 
80-90 60-75 15-40 2-10 0.6-2.0 0.15-0.18 6.1-6.5 |_--_---- Low to Moderate _-| Low. 
moder- 
ate. 
85-95 70-80 25-45 12-25 | 0.06-0.6 0.17-0.20 6.6-8.4 0-4 Moderate —| High ~---- Moderate. 
80-90 60-75 15-40 2-10 0.6—2.0 0.15-0.18 7.9-8.4 0-4 Low to Moderate _| Moderate. 
moder- 
ate. 
85-95 60-75 20~40 4-20 | 0.06-0.6 0.15-0.18 6.1-6.5 |__0_ Moderate -| Moderate -] Low. 
90-100 70-80 50-70 25-45 <0.06 ) 0.12-0.14 6.6-7.8 4-8 High —---- High ----- Moderate. 
90-100 70-80 20-45 12-25 <0.06 | 0.12-0.14 7.9-8.4 8-16 | High —__- High ----- Moderate. 
85-95 60-75 20-40 12-20 0.06-0.6 0.12-0.15 7.9-8.4 4-8 Moderate —| High ~~ Moderate. 
90—100 70-80 20-45 12-25 0.06-0.2 0.17-0.20 6.6-7.38 |_o- High —~--_- High ~---- Low. 
95-100 90-95 50-70 5-45 <0.06 0.12-0.15 6.6-8.4 0-8 High ~~ High ~__-- Moderate. 
50-80 15-40 NP NP 6,0-20.0 | 0.06-0.10 6.6-7.8 | Low ~---- Moderate _| Low. 
45~80 <5-10 NP NP 6.0-20.0 0.08-0.04 HH-18 |oo ne low —-.— Moderate ~| Low. 
65-80 10-25 NP NP 6.0-20.0 | 0.04-0.05 7.9-8.4 |___8 Low —---- Moderate _}| Low. 
60-70 80-40 20-40 2-10 2.0-6.0 0,18-0,.15 61-7.8 | Low  ~_W-- Moderate —| Low. 
55-80 5-20 NP 2.0-6.0 0.038-0.05 (AST leas Low -..-- Moderate -} Low. 
50-60 20-40 15-85 2-10 2.0-6.0 0,12-0.14 74-7.8 | Low ~---- Moderate -| Low. 
50-60 15-30 NP NP >20.0 | 0.03-0.06 7.9-8.4 | Low ___-- Moderate _| Low. 
20-60 10-30 NP NP >20.0 | 0.02-0.04 7.9-8.4 |_----- Low ~_--- Moderate _| Low. 
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TABLE 6.—F'stimated engineering 


Classification 


Percentage passing 


Depth to Depth Fraction sieve— 
Soil series and seasonal pa greater 
map symbols high water euvtacé than 3 
table USDA Unified AASHTO inches No. 4 No. 10 
texture (4.7 mm) (2.0 mm) 
Feet Inches Percent 
Colvin: Cw, Cx, Cy 0-3 0-40 | Silty clayloam ---_] CL A-6 or A-7 |__--_--__e 100 100 
40-60 | Sandy clay loam __| SC or CL AW6 feces, 100 95-100 
*Cresbard: Cz ______ 1-5 0-7 Loam 2-422 2see5 ML or CL A-4 or A-6 <1 95-100 90-100 
For. Cavour part 7-36 | Clay loam ____-__- CLor CH A-6 or A-T <1 95-100 90-100 
of Cz, see 86-60 | Loam ~------_--_ CL A-6 <1 95-100 90-100 
Cavour series. 
Dickey --------_-_-__ >5 0-6 Fine sandy loam, SM A-2 or A-4 |_----__--- 100 95-100 
Mapped only with loamy fine sand. 
Maddock, 6-24 | Loamy finesand _.| SM BED Ae Bes Shs 100 95~100 
Heela, and 24-60 | Loam ~_~-~---_--_ cL A-6 <1 95-100 90—100 
Towner soils. 
Divide: 
DvA, DvB, Dw, Dx _-_- 1-5 0-22 | Loam _--_----____ ML or CL A-4 or A-6 |-0- 95-100 95-100 
22-60 | Sand and gravel __| SM or GM A-1 <3 40-75 25-65 
Dy ~~ ~- ~~ 1-5 0-22 | Loam ~---------~- ML or CL A-4 or A-6 |_-__--_ Le 95-100 95-100 
22-60 | Coarse sand ~.. SM Aa2” 3, [beeen tee 95-100 80-90 
Dy Soest ence sec lecls 1-5 0-22 | Loam ~------___-_ ML or CL A-4 or A-6 j____L ee 95-100 95—100 
22-40 | Sand and gravel __| SM or GM A-1 <3 40-75 25-65 
40-60 | Loam ___--_-__ CL A-6 <1 95-100 90-100 
Eekman: EaA, EaB —W_ >5 0-6 Hoan. Ges ML A-4. [LLL 100 100 
6-60 | Silt loam ~_---____ ML A-4 JL 100 100 
*Edgeley: Eb, EcB ____ >5 0-6 Loam.o------3e. ML or CL A-4 or A-G }__oe 95-100 90-100 
For Cavour part 6-15 | Silt loam —_-___ ML or CL A-4 or A-6 |---_--____- 95-100 90-100 
of EcB, see 15-82 | Silty clay loam --_!| CLorCH A-T <1 95-100 90-100 
Cavour series. 32-60 | Weathered and 
bedded shale. 
Edgeley variant: >5 0-16 | Loam ~-----__-__- ML or CL A-4 or A-6 <1 95-100 90-100 
Ed. 16-380 | Graveland sand __! SMorGM A-1 or A-2 <3 40-75 25-65 
80-60 | Weathered shale. 
*Egeland: 
FeA, EeC ~----______ >5 0-20 | Sandyloam __.--- SM A~2 or A-4 j_-________ 95-100 95-100 
20-30 | Loamy fine sand __| SM A-200 [Loe 95-100 95-100 
80-60 | Finesand ~~. SM a ere ee 95~100 90-100 
ee ae ee NT ET >5 0-20 | Sandy loam  ~_---~ SM A-2 or A-4 Jiu ~~ 95-100 95-~100 
20-30 | Loamy sand —____ SM A-2 JL 95-100 95-100 
80-60 | Medium and SP-SM A-2? <1 95-100 90-100 
coarse sand. or SM 
EhA, EhB, EmC ______ >5 0-20 | Sandy loam  -_.___ SM A-2 or A-4 J_----_ 95-100 95-100 
For Embden part 20-80 | Loamy sand ~---__ SM Bao Ne eee 95-100 95-100 
of EmC, see 80-48 | Sand .--~-------- SP-SM A-2 <1 95-100 90-100 
EsA_in the or SM 
Embden series. 48-60 | Loam ~~ ~~~-______ MLorCL } A-4or A-6 <1 95-100 90-100 
*“Embden: 
EnA, EoB ~~ 8-5 (0 to 0-5 Sandy loam —_---_ SM A-2 or A-4 [o--__ 100 100 
For Egeland part 1 per- 5-48 | Finesandyloam --| SMorML ! A-2or A-4 |__0 100 100 
of EoB, see EeA cent 48-60 | Fine sand --_.____ SM yo) en (eee erences 95-100 90-100 
in the Egeland slope). 
series. >5 (more 
than 2 
percent 
slope). 
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properties of the soils—Continued 


Percentage passing | | See ee er 
sieve—Continued j Available Shrink- isiciiiia 
_ Liquid Plasticity | Perme- | eaten Soil Salinit swell 
limit index ability eke sit reaction . y otential 
No. 40 | No. 200 alae P *" | Uncoated | Concrete 
(0.42 mm) | (0.047 mm) steel 
Inches Inches pH Mimhos 
per hour per inch per cm 
of sow ab 25°C 
90-100 80-95 20-45 12-25 0.2-0.6 0.16-0.21 6.6-7.8 | *0-16 | Moderate _}| High _-_-_ Low to 
moder- 
; \ ate? 
80-90 35-55 20-40 12-20 0.2-0.6 0.15-0.18 6.6-7.8 | *0-16 | Moderate _}) High --.-_ Low to 
moder- 
ate. 
85-95 60-75 20-40 4-20 0.2-0.6 0.19-0.22 6.1-7.8 |-------- Moderate _| Moderate —~| Low. 
85-95 70-80 30-70 12-45 | 0.06-0.2 0.15-0.18 6.6-8.4 4-16 | High ___-- High 1. Moderate. 
85-95 60-75 20-40 12-20 0.2-0.6 0.14-0.17 7.4-8.4 4-8 Moderate -| High —~_-- Moderate. 
55-85 20-50 20-35 2-10 6.0-20.0 | 0.10-0.18 6.1-6.5 |__------ Low ~---- Moderate _| Low. 
55-75 15-35 NP NP 6.0-20.0 | 0.08-0.10 6.6-7.3 |---_---— Low ~---- Moderate _} Low. 
85-95 60-75 20-40 12-20 0.2-0.6 0.14-0.17 74-84 0-4 Moderate -} High ---~ Low. 
75-85 60-75 20-40 4-20 0.6-2.0 0.18-0.20 7.4-8.4 *0-16 | Low ~_-_- High ~---- Low to 
moder- 
ate.’ 
15-40 10-25 NP NP >20.0 | 0,08-0.04 7.9-8.4 *0-16 | Low _u_-- High —-_-- Low to 
moder- 
ate? 
75-85 60-75 20-40 4-20 0.6-2.0 0.18-0.20 7.4-8.4 0-4 Low ~_~-- High ~---- Low. 
55-70 15-25 NP NP > 20.0 0.08-0.04 79-8.4 0-4 Low ----- High 2. Low. 
75-85 60-75 20-40 4-20 0.6-2.0 ¢.18-0.20 74-8.4 0-4 Low —-_-- High —~-_-_ Low. 
15-40 10-25 NP 20.0 | 0.08~-0.04 7.9-8.4 0-4 Low ----- High —---- Low. 
85-95 60-15 20-40 12-20 0.2-0.6 0.14-0.17 7.9-8.4 0-4 Moderate —| High ~._-- Low. 
85-95 60—75 15-40 2-10 0.6-2.0 0.17-0.20 G62%8: |vssease Low ~---- Moderate _| Low. 
90-100 70-90 15-40 2-10 0.6-2.0 0.17-0.20 6.6-8.4 |-------- Low —---- Moderate _| Low. 
85-95 60-75 20-40 4-20 , 0.6-2.0 0.18-0.22 61-6.6 |---.-.-- Moderate —| Moderate _| Low. 
80-90 65-80 20-40 4-20 0.6—2.0 6.20-0.22 6.6-7.3) |onseadas Moderate _| Moderate _| Low. 
85-95 80-90 45-70 20-45 0.6—2.0 0.20-0.22 ce Moderate —| Moderate _| Low. 
85-95 65-75 20-40 4-20 0.6-2.0 0.20-0.22 6.1-7.38 |___--__- Moderate -] Moderate _| Low. 
15-40 15-30 NP NP 6.0-20.0 | 0.03-0.05 74-7.8 ' Low ~--~- Moderate _, Low. 
60-70 30-40 15~85 2-10 2.0-6.0 0.15—0.18 Glide [sonnel Low —---- Moderate _| Low. 
50-75 15-30 NP NP 2.0-6.0 0.12-0.13 6.6-7.8 |. Low —---- Moderate _| Low. 
65-80 20-85 NP NP 2,0-6.0 0.07-0.08 74-84 | _ Low ‘ess52 Moderate _| Low. 
60-70 30-40 15-85 2-10 2.0-6.0 0,15-0.18 6.1-7.3 |__------ LoW eonc5 Moderate —| Low. 
50-75 15-80 NP 2.0-6.0 0.12-0.13 C6218 eve ow” gee2=! Moderate _| Low. 
55-80 5-20 NP NP 6.0-20.0 | 0.06-0.07 7.4-8.4 j_------- Low ~---- Moderate _| Low. 
60-70 80-40 15-35 2-10 2.0-6.0 0.15-0,18 6.1=7.3° |~----=-= LOW aes Moderate _| Low. 
50-75 15-80 NP 2,0-6.0 0.12-0.13 (OF ies ae ee Low —-W-- Moderate —| Low. 
55-80 5-20 NP NP 6,0-20.0 | 0.06-0.07 PAQTS [yon Low ~-_-- Moderate —| Low. 
85-95 60-75 NP NP 0.2—0.6 0.16-0.18 7.48.4 0-4 Moderate ~| High _____ Low. 
60-70 30-40 20-40 2-10 2.0-6.0 0.12-0.16 Moderate | Low. 
T0—85 40-55 10-30 0-5 2.0-6.0 0.12-0.16 Moderate _} Low. 
65-80 25-35 NP NP 2.0-6.0 0.05-0.08 Moderate _| High. 
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Classification 


Percentage passing 


Depth to : Fraction sieve— 
Soil series and seasonal ieee : . ereater 
map symbols high eee : Heaps than 3 
table Sacer oi é eS inches No. 4 No. 10 
| texture Unified AASHTO (4.7 mm) (2.0 mm) 
i 
Feet. | Inches Percent 
| 
Embden—continued : 
EsA, EsBo LL 3-5 (0 to 0-48 . Sandy loam, fine SM or ML A-~2 or A-4 |__________ 100 100 
For Swenoda part lper- i: sandy loam, 
of EsA see cent 418-60 | Loam ~-_ ~~ ---u- ML or CL A+4 or A-6 <1 95-100 90-100 
Swenoda series, | slope). 
For Heimdal >5 (nore 
part of Es3, see than 2 
Heimdal series. percent 
slope). 
Emrick: &t, Eu ------ >3 0-9 Loam, sandy loam _-| ML or SM A-4 0 100 100 
9-60 | Loam ~~. ML A-4 <1 100 100 
*Esmond: £vD __u-_- >5 0-60 ; Loam ~-------~--- ML A-4 <5 95~—100 90-100 
For Coe and 
Embden parts 
of EvD, see Coe 
series and EnA 
in the Embden 
series, 
Exline: Ew -..------- 0-3 0-4 | Loam ~_---------- CL A-6 JL 100 100 
4-24 | Clay loam _-__--~_ CL A-7 or A-6 |____ 100 100 
| 24-60 | Sandy clayloam __} SC or CL A-6 1 95-100 95-100 
“Fargo: Fa ----.--- 3-5 0-8 Silty clay loam __| CH AT Je 100 100 
For Nutley part 8-60 | Silty clay ----____ CH A-7 JL 100 100 
of Fa, see Nutley 
series. 
Fordville: Fd —------ >5 0-22 | Loam ~-__----_--- ML Aad ee ee 95-100 90-100 
99-60 | Sand and gravel -.| SM or GM A-1 5 40-75 25-65 
*Fossum: Fm, Fo, 1-3 0-16 | Sandyloam ~~~ ~ SM A=? or A=4 | 95-100 90-100 
Fp. 16-34 | Loamy sand —__-.~ SM f:  an Sie ce oe 95-100 90-100 
For Hamar part 34-60 | Sand ~------.---_ SP-SM A838 LL 95-100 90-100 
of Fp, see Hd 
in the Hamar 
series, 
*Fram: FrA, FrB, 1-5 0-60 | Loam, fine SM, ML-CL, | A-4 or A-6 1 95-100 95-100 
Fs, Fw, sandy loam. ML, or CL 
For Wyndmere 
part of Fw, see 
Wo in the 
Wyndmere 
series, 
Gardena: GaA, GaB __ >5 0-18 | Loam ____-_______ ML oe a ea 100 100 
18-53 | Silt loam ~--_____ ML A400 Jill 100 100 
538-60 | Fine sandy loam __| SM or ML A-4 JL 100 100 
Glyndon: Gd, Ge —-_. 2-4 0-6 | Loam ~---------__ ML A-4 0 J 100 100 
6-30 | Silt loam ---_-__-. ML A4 Jo 100 100 
80-42 | Very fine ML A-4 JL 100 100 
sandy loam. 
42-60 | Loamy finesand _.| SM A-2 1 100 100 
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Percentage passing Corrosivity to— 
sieve—Continued a a ae Available Shrink- 
Liquid Plasticity Perme- Grater Soil Salinit swell 
limit index ability | punaciey || Zeaetion. erry | ay 
No. 40 | No. 200 Dove } Uneoated | Gonovete 
(0.42 mm) |(0.047 mm) steel 
Inches Inches pH Mumhos | 
per hour per inch per env 
of soil at 25°C 
60-85 80-55 20-40 2-10 2.0-6.0 0,12-0.15 6,6-7.38 |.------- Low —----. Moderate _| Low. 
85-95 60-75 20-40 4-20 0,.2-0.6 0,18-0.15 79-84 0-4 Moderate —| Moderate ~| Low. 
65-90 35-70 20-40 2-10 0.6-2.0 0.17-0.20 6.6-7.38 |_------. Low to Moderate _| Low. 
moder- 
ate. 
85-95 60-75 15-40 2-10 0.6-2.0 0,16-0.20 74A-8.4 0-4 Low to Moderate -] Low. 
moder- 
ate, 
85-95 60-75 15-40 2-10 0.6-2.0 0.16-0.19 6.6-8.4 |_-.---_- Low to Moderate _| Low. 
moder- 
ate, 
85-95 60-75 20-40 12-20 0.2-0.6 0.15-0.17 6.6-7.3 0-4 Moderate ~| High ~---- Low. 
90-100 70-80 20-45 12-25 <0.06 | 0.07-0.09 7,9~9.0 4-16 | High --_-- High —___. Moderate. 
80-90 85-55 20-85 12-20 | 0.06-0.2 0.07-0.09 8.5-9.0 4-16 | High _._-- High ~--_- Moderate. 
95-100 85-95 50-70 25-45 | 0.06-0.2 0.15-0.23 GIST.8: |esecosas High _---_ High ----- Low. 
95-100 90-95 50-75 25-50 | 0.06-0.2 0,15-0.17 7A-8.4 0-4 High ~~~. igh ~---- Low. 
85-95 55-65 15-40 2~10 0.6-2.0 0.20-0.22 6.6-7.8 |_------. LOW Seceu Moderate _| Low. 
15-40 10-25 NP NP 20.0 | 0.04-0.06 TA-7.8 |-------- Low <22= Moderate | Low. 
60-70 80-40 15-85 2-10 6.0-20.0 | 0.13-0.15 i rec a eee Low ----- High —~--~- Low. 
50-75 15-35 NP 6.0-20.0 ; 0.09-0.11 7.4-7.8 |-------- Low ~---- High —---- Low. 
50-70 5-10 NP NP 6.0-—20.0 0.04--0.06 74-78 |_------- LOW essnc High —-_-- Low. 
75-95 50-75 20-40 4-20 0.6-2.0 0.16-0.20 7.4~-9.0 0-16 | Low to High .---- Low to 
moder- moder- 
ate. ate.* 
85-95 60-75 15-40 2-10 0.6-2.0 0.18-0.24 PART 8 pee eee Low eos Moderate —| Low. 
90-100 70-90 15-40 2-10 0.6-2.0 0.16-0.19 7.4-8.4 0-4 Low _-.W- Moderate -| Low. 
70-85 40-55 NP NP 2.0~6.0 0.08-0.14 7.9-8.4 0-4 Low —---- High ~~--- Low. 
85-95 60-75 15-40 2-10 0.6~2.0 0.22-0.24 6.6-7.3 *0-16 | Low to High ~-_-- Low to 
moder- moder- 
ate, ate! 
90-100 70-90 15-40 2-10 0.6-2.0 0,22-0.24 7.4-7.8 | 30-16 | Low to High ----- Low to 
moder- moder- 
ate. ate. 
85-95 50-65 2-8 20-385 0.6-2.0 0.17-0.19 7.4-7.8 | °*0-16 | Low —__-- High ~-_-- Low to 
moder- 
ate. 
50-75 15-80 NP NP 2.0-6.0 0,07-0.10 7,4-7.8 70-16 | Low ___-- High ~-_-- Low to 
moder- 
ate. 
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TABLE 6.—Estimated engineering 


Percentage passing 


Depth to Depth Classification Fraction sieve— 
Soil series and seasonal es greater 
map symbols me oO surface eH than 3 
able . inches No. 4 No. 10 
texture Unified AASHTO (4.7 mm) (2.0 mm) 
Feet Inches Percent 
Gravel pit: Gp. 
Properties are 
too variable to 
be estimated. 
Hamar: 
ioe 1-5 0-138 | Loamy sand, SM A-2 eeeeeeer eae 100 100 
maar -< sandy loam. 
13-1 TNO ee SM,SP-SM | A-2 — [___------- 10 7 
. 20-60 | Loamy sand —-__-- SM Be). emiditetetereres oh ae tan 
Ha, He ----.-..----- 1-5 0-13 | Loamy coarse SM A-2 or A-4 |__u-- 95-100 85-95 
sand, coarse 
ee paces 
-20 | Coarse sand —----- SP-SM ASS | foetee ad 95-100 — 
20-60 | Loamy coarse SM A-20 JL et Broce 
sand. 

*Hamerly: HeA, Heb, 1-5 0-60 | Loam ~_-------~-- ML or CL A-4 or A-6 lb 90-100 90-100 
Hf, HgA, HgB. 

For Svea part of 
HgA and HaB, 
see Svea series. 

*Hecla: WhA, HhB, >4 0-16 | Loamy sand, SM A-2  [u_wee 100 95-100 
HkA, HkB, HIB, Hm, | _ sandy loam. 

HnA, Hob. 16-32 | Loamy sand ___-__ SM A-20 0 |---------- 100 95-100 
For Dickey part 32-50 | Finesand —_-----~ SM Aa? 9 ‘Ioaeen eee 100 90-100 
of HIB, see 50-60 | Loamy sand ~-.--- SM Amo [pee een 100 95-100 
Dickey series; , 
for Hamar part 
of Hm, see Hb 
in the Hamar 
series; and for 
Maddock part 
of HnA and 
HnB, see Mad- 
dock series. 

*Heimdal: HoA, HoB. >5 0-12 | Loam, sandy ML or SM A-4 Jet = = 
HoC, HpA, HpB, HpC, loam, fine sandy i ie cara 
HrD, HrE, HsA, HsB, loam. 

HIC, HtD, HtE. 12-60 | Loam __---------- ML or CL A-4 or A-6 <1 95-100 85-100 
For Embden part : 
of HrD and Hr E, 
see EsA in the 
Embden series; 
for Emrick 
part of HsA, 
HsB, HtC, HtD, 
and HtE, see 
Emrick series; 
and for Esmond 
part of HiIC, 
HtD, and HiE, 
see Esmond 
series. 
Kensal | 
Ke. count ee >5 0-18 | Loam ~----~~--_~_ ML A-4 <1 95-100 90-100 
[ 
18-24 | Sandy loam —_---- SM A-2 or A-4 1 95-100 = 
24-30 | Loamy sand ~_---- SM A- St 95~100 30-100 
30-60 | Shaly sand SM A-1 <5 70-90 60-80 
and gravel, 
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Percentage passing at oe 
pee Conunued Available Shrink- acacia 
Liquid Plasticity | Perme- water Soil Salinit Ewell 
limit index ability pate reaction ¥ : 
No.40 | No. 200 capacity potential | Uncoated 
(0.42 mm) | (0.047 mm) steel Concrete 
Inches Inches pH Mmhos 
per hour per inch per om 
of soil at 25°C 
55-75 15-35 15-385 2-10 6.0-20.0 | 0,10-0.12 6.1-6.5 |-------. Low ----~ High ~~ Low 
50-70 10-15 NP NP 6.0-20.0 | 0.05-0.06 6A=6:5. [sec Tow 2222 2 High ~-_-- Low 
50-75 15-30 NP NP 6,.0-20.0 | 0.08-0.10 G.1+6.5 |neo.--= LOW: aaces High ~-.-- Low 
60-75 15-40 NP NP 6.0-20.0 | 0.09-0.11 6.1-6.5 |-----.-~ Low ~~~ High ~-_-_ Low. 
45-80 5-10 NP NP 6.0-20.0 | 0.04—-0.05 6.1-6.5 |---_----. Low _~_-- High ____- Low 
65-80 15-25 NP NP 6,0-20.0 ; 0.07-0.09 6.1-6.5 |__----__ Low _-_-- High —.- Low 
85-95 55-75 20-40 4-20 0.2-0.6 0.16-0.20 74-8.4 | *0-16 |} Low to High ~~ Low to 
moder- moder- 
ate. ate? 
55-75 15-85 15-35 2-10 6.0-20.0 | 0.08-0.16 6.1-6.5 |-------- Low --- Moderate _| Low 
50-75 15-30 NP NP 6.0-20.0 | 0.09-0.11 6,1-6.5 |_-_----- Low ----- Moderate -}| Low 
65-80 20-85 NP NP 6.0-20.0 } 0.05-0.06 6.1-6.5 |-------- Low --.-- Moderate _| Low 
50-75 15-30 NP NP 6.0-20.0 | 0.04-0.05 6.6-7.8 |-------- Low ~-_-- Moderate _| Low 
65-95 85-80 15-35 2-10 0.6-2.0 0.17-0.22 6.6-7,3 |.------- Low to Moderate —} Low. 
moder- 
ate. 
75-95 50-75 20-40 4-20 0.6-2.0 0.16-0.19 6.6-8.4 0-4 Low to Moderate —| Low. 
moder- 
ate. 
85-95 60-75 15-40 2-10 2.0-6.0 0.16-0.18 6.6-7.3 |.-----_- Low to High ~~~ Low. 
moder- 
ate. 
60-70 30-40 NP NP 2.0-6.0 0.12-0.14 6.6-7.8 |-----__e Low ___.- High —-_-- Low. 
50-75 15-30 NP NP 6.0-20.0 | 0.04—0.06 74-78 | Low  ~_--- High ~____ Low. 
25-40 10-25 NP NP 20.0 | 0.03-0.04 TA-T.8 |acu pane Low —W ~~ High ~- 7 Low. 
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TABLE 6.—E'stimated engineering 


: £ Percentage passing 
Depth to Depth Classification Fraction sieve— 
Soil series and seasonal pia greater 
map symbols _ ‘les eurface Use ts 3 cd ee 
able ae . inches 0. oO. 
texture Unified AASHTO (4.7 mm) (2.0 mm) 
Feet Inches Percent 
Kensal—continued 
fee cemwoee eoeod >5 0-18 | Loam __---------- ML Ash |e foe 95-100 90-100 
18-24 | Sandyloam ~_---- SM A~2 or A~4 }|_-___---- 95-100 90-100 
24-32 | Loamy sand ~----- SM Aw? |eeee sce. 95-100 95-100 
82-60 | Shaly sand —-----_ SM A-2 <1 85-100 80-95 
*Kloten: KoE, KsE ~~ >5 0-16 | Loam —.-...--.--- ML or CL A-4 or A-6 <3 95-100 90-100 
For Sioux and 16-60 | Bedded shale __~-- 
Edgeley part of 
KsE, see those 
series. 
Kratka: Kt --__...__ 1-3 0-18 | Finesandyloam -_-] SM or ML A-4 JL 100 100 
13-23 | Loamy finesand ~-| SM A-2 [LL 100 100 
23-81 | Loam ~------.---- ML or CL A-4 or A-6 <1 95-100 90-100 
31-45 | Coarse sand ~---.~ SM A-2 or A-1 <1 85-100 80-90 
45-60 | Clay loam ~------- CL A-6 or A-7 <1 95-100 90-100 
LaDelle: La —.--.--_. >5 0-60 | Silty clayloam ---| CL,MH A-7 or A-6 }__uU--_ 100 100 
or CH 
Lallie: tb Wu-----_-- 1-5 0-24 | Silty clayloam ---| CLor CH A-6 or A-7 |___-_uu-- 100 100 
24-60 | Silty clay ~------- CH A-T [Lae 100 100 
Lamoure: Le, Lm ___- 2-5 0-60 | Silty clayloam ---}) CL,MH AST 9 leet see 100 100 
or CH 
‘La Prairie: tn, Lp — >5 | 0-21 | Silt loam _--_.--_. ML or CL A-4,A-6 |______ 100 95-100 
For Lamoure 21-60 | Silty clayloam --_| CL,MH Y= rn Sierra 100 95-100 
part of Lp, see or CH 
Lamoure series. 
. = 1-5 0-7 MOaMse ates ML or CL Aqd or A-6 nnn eens 100 95-100 
a 7-16 | Clay loam _-_---_- CH ee emeeicene 100 | 95-100 
16-60 | Clay loam ~__.~--- CL A-6 or A-7 |---------- 100 95-100 
Lemert: Ls ---------- 2-5 0-12 | Sandy loam ---~-- SM or SC A-2 or A-4 <1 95-100 90-100 
12-22 | Loam __---------- ML or CL A-4 or A-6 <1 95-100 90-100 
22-49 | Medium and SP-SM A-~2 <1 90~100 85-95 
coarse sand. or SM 
49-60 | Clay loam ~--.---- CL A-6 or A-7 |---------- 100 95-100 
2 ou bu ---e 2-5 0-9 Sandy loam ~--~-~ SM A-2 or A-4 |--~~------ 95-100 95-100 
Eeeenie : 9-28 | Sandy loam _.-_-- SM or SC A-2or A-4 |____--_-__ 100 100 
28-60 | Medium to very SP-SM Keg ~ | Peso cooees 90~100 80-90 
coarse sand. or SM 
Lohnes: Ly, Lw —----- >5 0-16 | Loamy coarse SM Rae | sceeostes 95-100 85-100 
sand, coarse 
sandy loam. 
16-80 — coarse SM A-2 [ane nee 95-100 85-100 
sand. 
30-60 | Coarse sand —--__~ SP-SM A-3 [LL nee-- 95-100 85-100 
“Ludden: Lx, lz ----- 0-3 0-7 Silty ¢dlay ------_.. CH AMT fees 100 100 
For Lamoure part 7-60 | Clay ~----------.. CH A-T Jenne 100 100 
of Lz, see 
Lamoure series. 
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Percentage passing ibaa 
sieve—Continued Available Shrink- cain dull 
Liquid Plasticity | Perme- water = Soil Salinit swell 
limit index ability anacit reaction v tential 
No. 40 No. 200 cap y He Uncoated Conerete 
(0.42 mm) | (0.047 mm) steel Onere 
Inches Inches pH Mmhos 
per hour per inch per cm 
of soil at 25°C 
85-95 60-75 15-40 2-10 2.0-6.0 0,18-0.20 6,.6-7.3 |-_------- Low to High ~-__- Low 
moder- 
ate. 
60-70 30-40 NP NP 2.0-6.0 0.12-0.14 6.6-7.3 |_.----- Low ----- High --- Low. 
50-75 15-30 NP NP 6.0-20.0 | 0.04—0.06 74-7.8 |e Low ~---- High ~-.-- Low 
50-70 15-30 NP NP 20.0 | 0.038-0.05 74-7.8 | ---_ Low ~---- High ~-___ Low 
85-95 60-75 20-40 4-20 0.6-2.0 0.16-0.18 6.6-7.8 |_.------ Moderate _}| Moderate _} Low. 
70-85 40-55 NP NP 6.0-20.0 | 0.18-0.18 6.1-7.8 |-------- Low ----- High ~---- Low. 
50-75 15-30 NP NP 6.0-20.0 | 06.08 0.10 6.1-7.5 |__----_ Low ~---- Weusss Low. 
85-95 60-75 20-40 4-20 0.2-0.6 0.15-0.19 6.1-6.5 |__-----_ Moderate _| High —--_- Low 
35-65 15-26 P NP 6.0-20.0 | 0.02-0.04 6.1-7.3 |_------- Low ~---- High ~-_-_ Low. 
85-95 70-80 20-45 12-25 0.2-0.6 0.03-0.05 74-18 0-4 Moderate —| High ~~_-- Low 
95-100 85-100 20-70 12-30 0.6-2.0 0.19-0.20 6.6-7.8 |_---_---- Moderate ~| High ~-_-- Low 
95-100 85-95 80-70 15-40 | 0.06—-0.2 0,.18-0.15 74A-1.8 4-8 High —----- High —----- Moderate. 
95~100 90-95 50-75 25-45 | 0.06-0.2 0,09-0.11 7.4-8.4 4-8 High —~---~ High —---- Moderate. 
95-100 85-95 45-75 20-45 0.6-2.0 0.19-0.20 6.6-8.4 | *0-16 | High _-__- High —---- Low to 
moder- 
ate’ 
90-100 65-90 20-85 4-15 0.6-2.0 0.18-0.22 6.6-7.8 |____--_- Low ~---- Moderate _| Low. 
90-100 65-95 45-~75 20-45 0.6-2.0 0.16-0.19 7.4-8.4 0-4 Moderate —| Moderate | Low. 
85-95 60-75 20-40 4-20 0.6-2.0 0.16-0.20 6.6-7.8 |.--_----- Low ~---- Moderate _} Low. 
85-95 70-80 50-75 25-45 | 0.06-0.2 0.12-0.15 74-78 0-4 Moderate —~| High ~---- Low. 
80-90 70-80 20-45 12-25 | 0.06-0.2 0.10-0.12 7.9-8.4 0-8 Moderate ~) High ~--~_ Low. 
60-70 30-40 15-35 4-10 | 0.06-0.2 | 0.12-0.15 | 6.6->9.0 4 Moderate. 
70-90 60-75 20-40 4-20 | 0.06-0.2 0,18-0.17 >9.0 8 Moderate. 
50-75 5-20 NP NP 6.0-20.0 | 0.04-0.06 7.9-9.0 0 Moderate. 
80-90 70-80 20-45 12-25 | 0.06-0.2 0.10-0.12 7.9-8.4 0 High. 
60-70 80-40 15-85 2-10 0.6-2.0 0.18-0.17 6.1-7.3 Low. 
60-90 30-50 20-85 2-10 ; 0.06-0.2 0.11-0.15 6.6-8.4 Moderate. 
50-75 5-20 NP NP 6.0-20.0 | 0.08-0.05 7.9-8.4 Moderate. 
50-80 15-40 NP NP 6.0-20.0 | 0.07-0.13 6.6-7.3 |------__ Low ----- Moderate _| Low. 
50-75 15-30 NP NP 6.0-20.0 | 0.07-0.10 6.6-7.3 |-__-____ Low —__-- Moderate _] Low. 
50-75 5-10 NP NP 6.0-20.0 | 0.03-0.04 7A-8.4 |. Low ~.--- Moderate _| Low. 
95-100 90-95 50-75 25-45 ; 0.06-0.2 0.16-0.18 74-78 0-4 | High --_-- High ----- Moderate. 
90-100 75-95 50-70 25-40 | 0.06~0.2 0.15-0.18 74-78 0-4 High _____ High —___- Moderate. 
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TABLE 6.—E'stimated engineering 


. ‘ Percentage passing 
Depth to Depth Classification Fraction sieve— 
Soil series and seasonal relia greater 
map symbols high water eapeaee than 3 
table r USDA Unified AASHTO inches No.4 No. 10 
texture (4.7 mm) (2.0 mm) 
Feet Inches Percent 
*Maddock: Mad, >5 0-7 Sandy loam, SM A-2 or A-4 |__-------- 100 95-100 
MaB, MaC, MbA, MbB, loamy sand. 
MbC, MadB, MdC, 7-40 | Loamy sand —----- SM A-1 or A-2 |_----_---- 95-100 95-100 
MeD, M{D. 40-60 | Sand ~--------~_- SM A-1 or A~2 |_---___--_ 95-100 95-100 
For Dickey part 
of MdB and 
MdC, see Dickey 
series; for 
Serden part of 
MeD and MfD, 
see Serden 
series; and for 
Hecla part of 
MfD, see Hecla 
series. 
Made land: Ma. 
Properties are too 
variable to be 
estimated. 
Marsh: Mh. 
Properties are too 
variable to be 
estimated. 
*Marysland: Mm, 0-4 0-7 Loam poo ML or CL A-4 or A-6 |_--- 2 100 100 
Mn. 7-24 | Silt loam ----...--- ASG Woes 100 100 
For Arveson part 
of Mn, see 
Arveson series. 24-29 } Sandy clay loam --} SC ASG | fee 100 100 
29-60 | Medium and SP-SM A-2 or A-3 |---------- 95-100 90-100 
coarse sand, 
Minnewaukan: 1-5 0-3 Loamy fine sand --} SM AU? <1 90-100 85-95 
MwC. 3-28 | Loamy sand —-~_~- SM A-1 or A~2 <1 95-100 95-100 
28-60 | Fine sand ---_--_- SM A-2 <1 100 95-100 
*Miranda: Mx —---- 1-4 0-8 Clay loam ~--_~--- CL A-6 or A-7 <1 95-100 95-100 
For Cavour part 8-60 | Clay loam -----~-- CL A-6 or A~T <1 95-100 95-100 
of Mx, see 
Cavour series. 
Nutley __._________- >5 0-40 | Silty clayloam ---| CH 100 100 
Mapped only with 40-50 | Clay loam ----_~-- CL 100 100 
Fargo soils. 50-56 | Medium sand ----- SM 100 95-100 
56-60 | Silty clayloam ___| CH 100 100 
Osakis: 
Os poses Me >5 0-18 | Sandy loam ---~--- SM 95-100 90-100 
18-80 are coarse SM. 95-100 80-90 
sand. 
30-60 | Sand and gravel -_-| SM 70-90 40-80 | 
Ot Sot ee >5 0-18 | Sandy loam ~~~. SM 95-100 90-100 
18-80 ne coarse SM 95-100 80-90 
sand. 
Oi oe ee oe >5 | 80-60 | Gravel ~-----_-__ GM or SM 40-75 20-65 
0-18 | Sandyloam —___W_ SM 95-100 90-100 
18-80 ey coarse SM 95-100 80-90 
sand, 
80-48 | Sand and gravel __| GM or SM 40-75 90-65 
48-60 ; Loam ~.--------_- CL 95-100 90-100 
Overly: Ov  ~---~---- >5 0-25 | Silty clayloam --_| CL A-7 or A-6 |-_-.---_. 100 100 
25-60 | Silty clayloam ~__| CL A-7 or A-6 |___-_- 100 100 
Parnell: Pa --------- 0-5 0-18 | Silty clayloam ---} CL A-T fit e ee 100 100 
18-40 | Silty clay ________ CH A=T feet 100 100 
40-60 | Silty clayloam -__' CL BST Ae oe 100 95-100 
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properties of the soils—Continued 


Percentage passing 
sieve—Continued 


No. 40 No. 200 
(0.42 mm) | (0.047 mm) 


Liquid 
limit 


55-75 15-35 
45-75 10-30 
45-70 10-15 
85-95 60-75 
90-100 70-90 
80-90 85-50 
45-710 5-10 
50-75 15-30 
45-75 10-30 
65-80 20-35 
85-95 60-80 
75-95 55-80 
95-100 85-95 
90-100 70-80 
50-75 5-15 
95-100 85-95 
60-70 30-40 
50-60 15-25 
25-40 5-20 
60-70 380-40 
50-60 15-25 
15-40 38-10 
60-70 80-40 
50-60 15-25 
15-40 3-10 
85-95 60-75 
95-100 85-95 
95-100 85-95 
95-100 85-95 
95-100 90-95 
95-100 85-95 


NP 


NP 
NP 


20-40 
20-40 
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Plasticity | Perme- Available Soil 
index ability water reaction 
capacity 
Inches Inches pH 
per hour per inch 
of soil 

NP 6.0-20.0 | 0.10-0.15 6.1-6.5 
NP 6.0-20.0 | 0.08-0.10 6.6-7.8 
NP 6.0-20.0 | 0.03-0.05 74-7.8 
4-20 2,0-6.0 0.20-0.24 7.9-8.4 
12-20 2.0-6.0 0,.20-0.24 7.9-8.4 
12-20 2.0-6.0 0.17-0.20 7.9-8.4 
NP 2.0-20.0 0.03-0.05 7.9-8.4 
NP 6.0-20.0 | 0.10-0.14 7.4-7.8 
NP 6.0-20.0 0.08-0.10 T7478 
NP 6.0-20.0 0.04-0.06 74-84 
15-30 <0.06 0.12-0.15 7.4-8.4 
15-380 <0.06 | 0.06-0.08 8.5-9.0 
25-45 ; 0,06-0.2 0.15-0.23 7.4-8.4 
15-30 | 0.06-0,2 0.13-0.19 7.9-8.4 
} 2.0-6.0 0.04-0.07 7.9-8.4 
25-45 | 0.06-0.2 0.10-0.15 7.9-8.4 
0-5 2.0-6.0 0.18-0.18 6.6-7.8 
NP 6.0-20.0 | 0.07-0.10 7.4-7.8 
NP 6.0-20.0 | 0.03-0.05 7,9-8.4 
0-5 2,0-6.0 0,13-0.18 6.6-7.8 
NP 6.0-20.0 | 0.07-0.10 7.4-7.8 
NP 6.0-20.0 | 0.03-0.04 7.9-8.4 
0-5 2.0-6.0 0.13-0.18 6.6-7.8 
NP 6.0-20.0 | 0.07-0.10 7A-T.8 
NP 6.0-20.0 0.03-0.04 7.9-8.4 
12-20 0.2-0.6 0.14-0.17 7.9-8.4 
12-25 0.2-0.6 0.18-0,23° 6.6-7.8 
12-25 0.2-0.6 0.138-0.18 7A-7.8 
12-25 0.2-0.6 0.19-0,21 6.6-7.4 
25-40 | 0.06-0.2 0.15-0.18 6.6-7.4 
12-25 0.2-0.6 0.18-0.20 6.6-7.4 


Salinity 


Mimhos 
per om 
at 25°C 


Corrosivity to— 


Shrink- 
swell ; 
potentia 7 
Doe Concrete 
Low _W_.- Moderate _| Low. 
Low __ _- Moderate _| Low. 
Low ~-_-- Moderate _| Low. 
High ~---- Low. 
High wu... Low. 
High 2.ncn Low. 
High +. Low. 
Low seco Moderate —| Low. 
Low —-_~-- Moderate -| Low. 
Low --~-- Moderate _| Low. 
Moderate _| High ~~_-- Moderate 
Moderate -| High ~---- Moderate. 
High —-_-- High —---- Low. 
High ~-_-- High uscu.. Low. 
Low ~~--- High —-_-- Low. 
High ~_---- High: 2-.-= Low. 
Low -~---~ Moderate _| Low. 
Low ~---- Moderate _| Low. 
Low —W.-- Moderate _| Low. 
Low  ~---- Moderate _| Low. 
Low ~---- Moderate _| Low. 
Low ~--~- Moderate _| Low. 
Low .2s.<5 Moderate _| Low. 
Low —----- Moderate _| Low. 
Low j2ss2+ Moderate _| Low. 
Moderate ~| High ~--__ Low, 
Moderate —| High —___--! Low. 
Moderate -| High Low. 
High —_--- High _-__- ' Low. 
High ~--_- High: cao! Low. 
High —~-_-- High ~_--_ Low. 
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SOIL SURVEY 


TABLE 6.—Estimated engineering 


Classification 


Depth to 
Soil series and seasonal lla 
map symbols fap ao eartnce Geek 
able a 
texture Unified AASHTO 
Feet Inches 
Peat: Pe. 
Properties are too 
variable to be 
estimated. 
Perella: Pr ---------- 0-8 0-60 | Silty clayloam ~--| CL A-7 
Rauville: Ra -~------ 0-3 0-21 | Silty clayloam ---] CL A-7 
21-386 | Sandy clay loam, sc, CL A-2 or A-6 
loam and sand. or SM 
36-60 | Sand ___.---__--- A-2 
Renshaw: 
ReA, ReB, Rn ~.---_-- >5 0-15 | Loam ~----------- SC or CL A-6 
15-60 | Sand and gravel -.| GM or SM A-1 
RSet te ee >5 0-15 | Loam ~_-----~---_ SC or CL A-6 
15-60 | Coarse sand —--.-- A-2 
Risotto eee aoe >5 0-15 | Loam ~----.------ SC or CL A-6 
15-48 | Sand and gravel __| GM or SM A-l 
48-60 | Loam ~~ ---_.----- cL A-6 
*Ryan: Ry,.Rz -~----- 0-5 0-7 Silty clay loam --_| CH or MH A-7 
For Lamoure part 7-60 | Silty clayloam ---| CH A-7 
of Rz, see the 
Lamoure series. 
*Serden: Se --------- >5 0-2 Loamy fine sand __| SM A-2 
For Hamar part 2-50 | Finesand ~--_---- SM A-2 
of Se, see Hb in 50-60 | Loamy fine sand -_| SM A-2 
the Hamar 
series. 
Sioux: SoB, SoE ----_. >5 0-7 Gravelly loam __--| ML A-4 
7-60 | Sand and gravel ~-| GM or SM A-1 
Spottswood: 
Sp. etee leo ese aee ss 8-5 0-20 | Loam ~---~~~----- ML or CL A-4 or A-6 
20-25 | Sandy clayloam --| SC or CL A-6 
25-60 | Sand and gravel __| GM or SM A-1 or A-2 
Gh fans ese cca 3-5 0-20 | Loam ~-----~----- ML or CL A-6 or A-4 
20-25 | Sandy clayloam --| SC or CL A-6 
25-60 | Sand ___--------- SP-SM A-8 
Stirum: Ss ---------- 0-5 0-40 | Sandy loam, SM A-2 or A-4 
; sandy clay loam. 
40-60 | Sandy loam, SM or SC A-2, A-4 
loamy sand or A-6 
and sand. 
*Svea: St, SvA, SvB, >5 0-6 | Loam __---------~ ML or CL A-4 or A-6 
Sw, Sx. 6-19 | Siltloam ----__-- cL A-6 
For Barnes part 19-60: || Loam, ..=---s-o CL A-~6 
of SvA, SvB, and 
SwC, see Barnes 
series; for Buse 
part of SwC, 
see Buse series; 
and for 
Cresbard part 
of Sx, see 


Cresbard series. 


Fraction 
greater 
than 3 
inches 


Percent 


Percentage passing 


sieve— 
No. 4 No. 10 
(4.7 mm) (2.0 mm) 
100 100 
100 100 
95-100 90-100 
100 95-100 


80-70 15-50 
95-100 90-100 
90-100 80-90 
95-100 90-100 
70-30 40-80 
95-100 90-100 
100 100 
100 100 
100 100 
100 100 
100 100 
70-90 65-80 
25-75 20-50 


100 95-100 
40-75 20-65 
100 95-100 
100 100 
95-100 90-100 
95-100 90-100 
95-100 90-100 
100 100 
95-100 | 90-100 
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Corrosivity to— 


pe ita pe 
sieve—Continue : i 
idqutd, | Placwaty| Vere |) AUN | sol. lascueh “aa 
limit index ability it: reaction y tential 
No. 40 No. 200 capacity POEM la Uncoated 
(0.42 mm) }(0.047 mm) steel 
Inches Inches pH Monhos 
per hour per inch per om, 
of soil at 25°C 
95-100 85-95 20-45 12-25 0.2-0.6 0.19-0.20 6.6-7.8 |__------ High —---- High —----- 
90-100 75-95 20-45 12-25 | 0.06-0.2 0.19-0.22 7.9-8.4 |__--.--- Moderate ~| High ----- 
80-90 85-60 0-30 0-15 | 0.06-0.2 0.18-0.20 79-84 |an eae Moderate -] High __--- 
55-70 5-15 NP NP 6.0-20.0 | 0.03-0.06 7,.9-8.4 |_------- Low ----- High ~-~.- 
75-90 45-70 20-40 12-25 2.0-6.0 0.18-0.20 6.6-7.3 |_-----_- Low —__-- Moderate — 
10-40 5-20 >20.0 | 0.02-0.04 TAH7.8- |p eodas Low -.--- Moderate — 
75-90 45-70 20-40 12-25 2.0-6.0 0.18-0.20 6.6-7.3 |_------- | Low --.~- Moderate — 
50-70 15-25 >20.0 | 0.038-0.05 7.4-7.8 |_.------ Low ----- Moderate ~— 
75-90 45-70 20-40 12-25 2.0-6.0 0.18-0.20 6.6-7.8 |__-_---- Low --.-- Moderate — 
20-40 5-20 >20.0 | 0.02-0.04 7A-7.8 |__------ Low ~---- Moderate — 
85-95 60-75 20-40 12-20 0.2-0.6 0.14-0.17 7,.4-7.8 0-4 Moderate _| High ~---- 
95-100 85-95 50-70 15-45 <0.06 | 0.13-0.18 7.9-9.0 0-8 High ----- High _-.--- 
95-100 85-100 50-70 25-45 <0.06 | 0.06-0.08 8.5-9.0 4-16 | High -_-. High: 22..< 
65-80 15-25 15-35 2-10 6.0-20.0 | 0.05-0.07 6.6-7.8 J__------ Low -----~ Moderate — 
65-80 20-35 NP NP 6.0-20.0 | 0.03-0.05 6.6-7.8 |_.------ Low ----- Moderate — 
65-80 20-35 NP NP 6.0-20.0 | 0.038-0.04 6.6-7.8 |_-_----_ Low ----- Moderate — 
60-75 55-70 25-40 2-10 2.0-6.0 0.13-0.17 6.6-7.8 |_.------ Low s.2s- Moderate — 
10-35 5-25 >20.0 | 0.02-0.08 74-78 |___--_-- Low ----- Moderate — 
85-95 60-75 20-40 4-20 0.6-2.0 0,19-0.22 6.6-7.8 |_.-_---- Low —..-- Mele 
to high. 
75-90 35-55 20-40 12-25 0.6-2.0 0.18-0.20 6.6-7.8 |_-__--_- Low —---- Moe 
to high. 
15~40 38-15 NP NP >20.0 | 0.03-0.06 6.6-7.8 |_----_-- Low ----- evant 
to high. 
75-95 50-75 20-40 4-20 0.6-2.0 0.19-0.22 6.6-7.8 |_--_---- Low ----- eo 
to high. 
80-95 35-60 20-40 12-25 0.6-2.0 0.18-0.20 6.6-7.3 |.-_-___~ Low —_--- Moderat 
to high. 
50-70 5-10 NP NP >20.0 | 0.08-0.06 6.6-7.8 |___.---- Low ----- Moderate 
to high. 
60-70 80-40 15-30 0-5 0.2-6.0 0.08-0.14 7.9-8.4 4-16 | Low ~---- High --.-- 
60-85 20-50 0-40 0-25 2.0-6.0 0.03-0.05 TA-7T.8 4-16 | Low ----- High ~_-__ 
85-95 60-75 20-40 4-20 0,6-2.0 0.20--0,.22 6.1-6.5 |..-----_ Moderate _| Moderate — 
90-100 70-90 20-40 12-20 0.6-2.0 0.20-0.22 6.6-7.3 |_.---_-- Moderate _| Moderate — 
85-95 60-75 20-40 12-20 0.2-0.6 0.16-0.18 74-84 0-4 | Moderate _| High ~---- 


Concrete 


Low. 


Low. 
Low. 


Low. 
Low. 
Low. 
Low. 
Low. 
Low. 
Low. 
Low. 


Low. 
Moderate. 


Low. 
Low. 
Low. 


Low. 
Low. 
Low. 
Low. 
Low. 
Low. 
Low. 


Low. 


Moderate. 


Moderate. 


Low. 
Low. 
Low. 
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Classification 


TABLE 6.—Estimated engineering 


Percentage passing 


Depth to Depth Fraction sieve— 
Soil series and seasonal ra _ greater 
map symbols high water eictace than 3 
table Ene USDA Unified AASHTO inches No.4 No. 10 
texture (4.7 mm) (2.0 mm) 
Feet Inches Percent 
Svea variant: Su ___W >5 0-20 | Loam --.---_----- ML or CL A-—4 or A-6 <i 100 100 
20-25 | Sand and gravel ~-| GM or GC 
25-44 | Stratified sandy SM or SC A-1 5-25 40-50 25-40 
clay loam, sand 1 95-100 90-100 
and clay loam. 
44-60 | Clay loam ~.__--_- CL 95-100 90-100 
*Swenoda: $z —_____. >5 0-8 Fine sandy loam __-| SM 100 100 
For Embden part 8-30 | Sandyloam ~____. SM 100 100 
of Sz, see EsA 30-60 | Clay loam —_----__ CL 95-100 90-100 
in the Embden 
series. 
Tiffany 
Wipes nee 0-5 0-25 ; Sandyloam —_--_- SM A-2 or A~4 |-~-------- 100 100 
25-40 | Loamy sand —~_-__. SM AM2 0 ete 100 100 
40-60 | Fine one and SM A-2 0 Ju--- 100 100 
| Sana. 
Tg ~---------__-- 0-5 0-25 | Fine sandy loam -_| SM or ML AW26¥F Aq4 |2ceeoenc es 100 100 
25-40 | Loamy sand —~-__-- SM Doe og Weber ces a at oat 100 100 
40-60 | Loam, clay loam —~_| ML or CL A-4 or A-6 <1 100 95-100 
Tolnae “Tie, a2eee ese 2-5 0-17 | Loam ~--------_-- ML A4A Ji 95-100 90-100 
17-80 | Fine sandy loam __| SM A-4 <1 95-100 90-100 
80-60 | Shaly coarse SM A-l <5 70-90 60-80 
sand and gravel. 
Tonka: To  u-------- 0-5 0-7 Silt loam ~---.--_. ML A-4 | nen neen 100 100 
7-11 | Very fine sandy ML {A-4 Jawa 100 100 
loam. 
11-28 | Clay loam ~~______ CL A-6 or A-7 |---------- 100 100 
28-60 | Loam —-_---___-_ ML or CL A-4 or A-6 [.--------. 100 95-100 
Totten: 
Ts; Te Wd) Geeet ec 1-8 0-5 Loam, sandy loam _} SM or ML Bee Neeley ee 100 95-100 
5-26 | Sandy clay loam —.] CLorSC A-6 <1 95-100 90-100 
26-60 | Coarse sand, SM A-2 <1 90-100 85-95 
gravelly coarse 
sand. 
TY eres esa Sarat 1-3 0-5 Loam —~-~-------- ML Ast feel 100 95-100 
5-26 oy clay loam, CLor SC A-6 <1 95-100 90-100 
oam. 
26-44 | Coarse sand, SM A-2 <1 90-100 85-95 
gravelly coarse 
sand, 
44-60 | Loam, clay loam __| CL A-6 <1 95-100 90-100 
*Towner: TwA, TwB, >2 0-18 | Fine sandy loam —_| SM or ML ASA 2 Sooty ee 100 j 100 
Tx. 18-27 | Loamy fine sand __| SM A=? .-: feeecscsn. 100 95-100 
For Dickey part 27-46 | Loam ~------_-___ ML or CL A-4 or A-G <1 95-100 90-100 
of Tx, see Dickey 
series. 
46-56 | Sand ------_~____ SM A-2 <1 95-100 90-100 
56-60 | Loam —__--._-___ CL A-6 <1 95-100 90-100 
Vallers: Va ~-------- 1-8 0-8 Liam s tao ss MLorCL | A-4or A-6 10-25 95-100 90-100 
8-19 | Clay loam ________ CL | A-G or A-7 30-25 95-100 90-100 
19-60 | Loam ~_-.________ ML or CL A~4 or A- * 0-25 95-100 90-100 
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Percentage passing 
sieve—Continued 


Corrosivity to— 


one eB Available : Shrink- 
Liquid Plasticity ; Perme- : Soil 1s 
limit index ability water reaction Salinity swell 
No.40_ | No. 200 capacity potential | Uncoated 
(0.42 mm) | (0.047 mm) steel Concrete 
Inches Inches pH Mmhos 
per hour per inch per cm 
of soil at 25°C 
85~95 60~75 20-40 4-20 0.2-0.6 0.20-0.22 6.1-7.8 |_----- | Moderate -| Moderate _| Low. 
15-25 10-20 0-85 0-5 2.0-6.0 0.04-0.07 FOTO loaceeeee Low -~W — Moderate _| Low. 
60-85 20-50 0-40 0-25 0.2-0.6 0.14-0.18 FAMED looooeces Moderate _} Moderate _| Low. 
85-95 70-80 85-50 15-30 0.2-0.6 0.14-0.17 7.4~7.9 0-4 Moderate _| High ~---- Low. 
70-85 40-50 NP NP 2.0-6.0 0.16-0.18 6.6-7,.3 |__------ Low ~---- Moderate —| Low. 
55-70 20-385 15~80 0-5 2.0-6.0 0.10-0.15 ae. Low sanue Moderate _| Low. 
85-95 70-80 35-50 15-30 0.2-0.6 0.12-0.14 7.9-8.4 0-4 Moderate -| High ~---- Low. 
60-70 80-40 15-30 0-5 2.0-6.0 0.18-0.14 61-758: |e oeeses Low —--~- Moderate —| Low. 
50-75 15-30 NP NP 2.0-6.0 0,.09-0.10 6.6-7.8 |_------~ Low —---~ Moderate _| Low. 
55-75 10-25 NP NP 2.0-6.0 0,03-0.04 6.6-7.8 |_------~ Low s<o-= Moderate _| Low. 
70-85 40-55 NP NP 2.0-6.0 0.13-0.14 G12T.8 (eee ee Low —---- Moderate _!| Low. 
50-75 15-30 NP NP 2.0-6.0 0.08-0.09 6.6-7.38 |_-----+-- Low —---- Moderate —| Low. 
85-95 60-80 20-40 4-20 0.2-0.6 0.04~0.05 6.6-7.8 |_------- Moderate ~| High —--~- Low. 
85-95 60~75 20-85 2-8 2.0-6.0 0.16-0.18 5.6-6.0 |__.----- Moderate _) High —__-- Moderate. 
65-80 35-50 | NP NP 2.0-6.0 | 0.13-0.15 5.6-6.0 |__-_--_- Low —---- High _____ Moderate. 
25-40 10-25 | NP NP 20.0 | 0.02-0.03 6.1-7.8 _---- Low ____- High —____ Low. 
90-100 70-90 15-40 2-10 0.2-0.6 0.18-0.22 6.6-7.3 |_--_--__- Low to High —---- Low. 
moder- 
ate. 
85-95 50-65 15-40 2-10 0.6-2.0 0.16-0.18 6.6-7.38 |_-_-_---- a High ~-_-~ Low. 
90-100 70-80 85-50 15-30 | 0.06-0.2 0.15-0.19 6.6-7.8 |_.----- High -___- High —---- Low to 
moder- 
ate. 
85-95 60~75 20-40 4-20 | 0.06-0.2 0.17-0.19 6.6-7.8 |_---- Moderate _-| High --_-- Low. 
65-90 35-70 20-85 2-8 0.2-0.6 0.13-0.20 7.9-8.4 0-8 Low to High ~---- Moderate. 
moder- 
ate, 
80-95 40-70 20-40 12-25 0.2-0.6 0.12-0.14 7.9-8.4 4—16 | Moderate —| High —~-_~- Moderate. 
55-65 15-25 NP NP 6.0-20.0 | 0.02-0.04 7.4-8.4 0-4 | Low —-__-- High. Moderate. 
85-95 60-75 20-35 2-8 0.2-0.6 0.18-0.20 7.9-8.4 0-8 Low to High —~---- Moderate, 
moder- 
ate. 
80-95 40—-70 20-40 12-25 0.2-0.6 0.12-0.14 7.9-8.4 4-16 | Moderate -| High —~-.-- Moderate. 
55-65 15-25 NP NP 6,0-20.0 | 0.02-0.04 7,4-8.4 0-4 Low uW-.- High ~---- Moderate. 
85-95 60-75 20-40 12-25 | 0.2-0.6 | 014-017 | 74-84] 0-4 | Moderate -} High --_-- Moderate. 
70-85 40-55 15-40 2-10 6.0-20.0 | 0.16-0.18 6,6-7.3 |_-..---- Low ~ ~~ Moderate _| Low. 
55-75 15-85 P P 6.0-20.0 | 0.08-0.10 74-78 |_.HHWW. Low ----- Moderate —| Low. 
85-95 60-75 20-40 4-20 0.2-0.6 0.18-0.15 7.9-8.4 |. _- Low to Moderate —| Low. 
moder- 
ate. 
50-70 15-25 NP P 2.0-6.0 0.03-0.05 7.9-8.4 |_--_- Low ~---~ Moderate _| Low. 
85-95 60-75 20-40 12-20 0.2-0.6 0.10-0.12 7.9-8.4 0-4 Moderate _| Moderate —| Low. 
85-95 60-75 20-40 4~20 0.2-0.6 0.20-0.22 74-7.8 0-4 Moderate _} High —____ Low. 
85-95 70-80 35-50 15-30 0.2-0.6 0.15-0.19 7.9-8.4 0-8 Moderate _| High _____ Moderate. 
85-95 60-75 20-40 4-20 0.2-0.6 0.17-0.19 7.4-8.4 0-8 Moderate —| High _-___ Moderate. 
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TABLE 6.—Estimated engineering 
‘ . Percentage passing 
Depth to Depth Classification Fraction sieve— 
Soil series and seasonal a greater 
map symbols high water Surhace than 3 
table USDA Unified AASHTO inches No. 4 No, 10 
texture (4.7 mm) (2.0 mm) 
Feet Inches Percent 
Vang: Vn ~---------- >5 0-18 | Loam __ 7 a a 100 100 
18-33 | Loam ~--_-------- A-4 or A-6 <1 95-100 90-100 
33-60 | Shaly gravel = <5 70-90 60-80 
and sand, 
Venlo: Vo ~---.--_--- 0-3 0-7 Sandy loam ~~~~-- SM A~2 or A-4 |.u-----__- 100 95-100 
7-21 | Loamy sand ~~---- SM A-2 0 [LL 100 95-100 
21-24 ) Sand  .--2s2.--.- SM A-2 [Lee 100 95-100 
24-32 | Sandy loam ~_---- SM A-2 or A-4 {-----____- 100 95-100 
32-60 | Sand ~_---------- SM Aa Nees 100 95-100 
Wahpeton: Wa ___--- >5 0-21 | Silty clay ~----__. CH BSE Wes 100 100 
21-60 | Clay ~--------- —| CH rn 100 100 
Walsh: WbB, WbC, >5 0-30 | Loam, clayloam _--| ML or CL A-4 or A-6 |_~----___-- 100 95-100 
WcA, WcB, WeC. 
80-60 | Loam, clayloam __| CL A=-@ © |ssuceesece 100 95-100 
Walum 
Wd asco sonc Secs >5 0-16 | Sandy loam ~-~_~- SM A-2 or A-4 |u_-_ 95-100 90-100 
16-30 | Loamy sand —~_-___ SM A <1 95-100 90-100 
30-60 | Shaly sand and SM A-2 <i 85-100 80-95 
gravel, 
We: -dsbeehccecenns >5 0-16 | Sandy loam ~_____ SM A-2 or A-4 |_-_- 95~100 90-100 
16-30 | Loamy sand ~_____ SM A <i 95-100 90-100 
30-60 | Shaly gravel ___._| SM or GM A-1 <5 40-70 20-65 
Warsing: 
HD oder tet SS >5 0-18 | Loam _---..----__ ML or CL A-4 or A-6 <1 95-100 90-100 
18-60 
Wee tivo i >5 0-18 | Sandand gravel __| SM A-1 <5 75-95 710-85 
18-60 | Loam ~-_~~_-.---__ ML or CL A~4 or A-6 |_-____---- 100 100 
Wn. 25-22. 6.220022 >5 0-18 | Sand ----------~. SP-SM A-8 <1 95-100 90-100 
hance ML or CL A-4 or A-6 <b 95-100 90-100 
18-44 | Sandand gravel __| SM A-1i <5 75-95 10-85 
44-60 | Loam ~-.--~-_-_-__- CL A-6 <1 95-100 90-100 
Wyard: Wn —..------ 0-3 0-32 | Loam —------..--- ML A-4 0 JL ---e- 95-100 95-100 
82-60 | Loam ~.~--------- ML or CL A-4 or A-6 |___-_---e 95-100 95-100 
Wyndmere: 
Wo ES eee eae 1-3 0-26 | Sandy loam _----- SM A-2 or A-4 |__0--e 95-100 95-100 
26-60 | Sand ~--.~2-----_ SM BaD et Sects 95-100 90-100 
Wp oo ee a ese 1-3 0-26 | Sandy loam —___-- SM A-2 or A-4 |___.-____e 95-100 95-100 
26~44 | Sand, fine SM 7 nnn eroesrea a a 95-100 90-100 
sandy loam. 
44-60 | Loam ~--~...__.-- ML or CL A-4 or A-6 <a 95-100 90-100 
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properties of the soils—Continued 


Percentage passing A antes gnees 
sieve—Continued Available Shrink- aaa ieee 
Liquid Plasticity | Perme- water z Soil Salinit vell 

limit index ability bake reaction ANY Shes 1 
No. 40 No. 200 capacity potentia Uncoated Pecrenc 
(0.42 mm) |(0.047 mm) steel ners 
inches Inches pH Mmhos 
per hour per inch per em 
of soil at 25°C 
85-95 60-75 20-35 2-8 0.6-2.0 0.20-0,.22 6.1-7.38 |----- Low ----- High ~.--- Low. 
85-90 60-75 20-40 4-20 0.6-2.0 0.17-0.19 PASTS bec Low —-__-- High pea tte Low 
25~40 10~25 NP NP 20.0 | 0.08-0.05 7,9-8.4 | Low ----- High —-.-- Low 
60-70 30-40 15~30 0-5 6.0-20.0 | 0.13-0.15 5.6-6.0 |. Low —---- Moderate _! Low. 
50-75 15-80 NP NP 6.0-20.0 | 0.09-0.11 6.1-7.38 |_-- Low ~---— Moderate _| Low 
55-75 10-25 NP NP 6.0-20.0 | 0.05-0.07 6.6-7.3 |. how? 222s= Moderate _] Low. 
60-70 30-40 15-30 0-5 6.0-20.0 | 0.11-0.18 6.6-7.8 [one Low —.--. Moderate _| Low. 
55-75 10-25 NP NP 6.0-20.0 | 0.038-0.05 74-78 |. Ow" 22o05 Moderate _} Low, 
95~100 90-95 50-75 25-45 0.6-2.0 0.16-~0.19 6.1-7.38 | --_ High —.-~ High ~---- Low 
90-100 75-95 50-75 25-45 0.6-2.0 0.14-0.18 7A-7.8 0-4 High —~----~ High —---- Low 
85-95 60-75 20-40 4-20 0.6-2.0 0.18-0.21 6127.8 |ossse ee Moderate — Modest Low. 
to high. 
85-95 60-80 20-40 12-25 0.6-2.0 0.17-0.19 TA—TS |e = Moderate —| Moderate Low. 
to high. 
60-70 30-40 15-30 0-5 2.0-6.0 0.18-0.17 6.6-7.8 |_.------ Low ~---- High ~-_-- Low 
50-75 15-380 NP NP 6.0-20.0 | 0.10-0.12 74-8.4 |__-_---- Low ~---- High ~---- Low 
50-70 15-30 NP NP 20.0 | 0.03-0.05 7.9-8.4 jue Low ~---- High ~-_-- Low. 
60-70 30-40 15-30 0-5 2.0-6.0 0.18-0.17 66-768 |occeeeee Low s2s22 High ~---- Low. 
50-75 15-30 NP NP 6.0-20.0 | 0.10-0.12 TA-8.4 |i Low ~---- High ----- Low. 
15-40 5-20 NP NP 20.0 | 0.02-0.04 7.9-8.4 |_-_--. Low o===- High ~-.-- Low. 
85-95 60~75 20-40 4-20 2,0-6.0 0,18-0.21 6.6-7.8 |__-_ Low to High ___-- Low. 
moder- 
ate. 
25-40 5-20 NP NP >20.0 | 0.02-0.04 7.9-8.4 |_ Low _ --- High —---- Low. 
85-95 60-75 20-40 4-20 2.0-6.0 0,18-0.21 6.6-7.8 | Low to High -_-- Low. 
moder- 
ate. 
50-70 5-10 NP NP >20.0 | 0.08-0.05 7.9-8.4 | Low _-W-- High ~__-_ Low. 
85-95 60-75 20-40 4-20 2.0-6.0 0.18-0.21 6.6-7.8 |__--__-- Low to High —~---- Low. 
moder- 
ate. 
25-40 5-20 NP NP >20.0 | 0.02-0.04 7.9-8:4 | Low ances High _-__- Low, 
85-95 60-75 20-40 12-20 0.2-0.6 0.14-0.17 7,9-8.4 |_-__e Moderate _| High ~-_-- Low 
85-95 60-75 20-85 2-8 0.6-2.0 0,.20--0,22 6.6-7.8 |_--. Low to High ~~~ Low. 
moder- 
ate. 
85-95 60-80 20-40 4-20 0.6~2.0 0.16-0.17 7.9-8.4 0-4 Low to High ~__-- Low. 
moder- 
ate. 
60-70 30~40 15-30 0-5 2.0-6.0 0.14-0.17 7.9~8.4 0-4 LOW? cane Moderate _| Low. 
65-80 20-35 NP NP >20.0 | 0.08-0.10 7.9-8.4 0-4 Low ~---- Moderate _| Low 
60-70 80-40 15~30 0-5 2.0-6.0 0.14-0.17 7.9-8.4 0-4 Low -2u- Moderate _| Low. 
65-80 20-85 NP NP >20.0 | 0.08-0.10 7,9-8.4 0-4 Low 2-3. Moderate _| Low 
85-95 60-75 20-40 4-20 0,2-0.6 0.12-0.15 7.9-8.4 0-4 Moderate _!| High ----_ Low. 
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TABLE 6.—Estimated engineering 


ops Percentage passing 
Depth to Depth Classification Fraction sieve— 
Soil series and seasonal ipo greater 
map symbols high water eurtace than 3 
table ; USDA Unified AASHTO inches No.4 No. 10 
texture (4.7mm) | (2.0 mm) 
Feet Inches Percent 
*Wyrene 
Wr, Wt ___------____ 1-5 0-21 | Sandy loam —___-_ SM A-2 or A—4 Joo 95-100 95-100 
For Totten part 21-60 | Coarse sand _---.- SM or AL foi 75-95 70-85 
of Wt, see Ts in SP-SM 
the Totten 
series. 
Wee, 1-5 0-21 | Sandy loam ~_-~-_ SM A-2 or A-4 j__o- ee 95-100 95-100 
21-44 | Coarse sand ~_-___ SM or A-L Jute 75-95 70-85 
SP-SM 
44-60 | Loam ~-~_---_--_- ML or CL A-~4 or A-6 1 95-100 90-100 
1H =| ae ate ee 5 0-24 | Loam, silt loam ~_-| ML A4 | [Live 100 100 
Mapped_ only 24-52 | Very fine sandy ML 7 a 100 95-100 
with Buse and loam, 
Sioux soils. 52-60 | Fine sand ____---_ SM A-2 [ou 100 95-100 


‘NP means nonplastic. 


° Fragments coarser than 3 inches make up 25 percent of some phases of this series, 


* Some phases of this series have moderate to high salinity. 


Soil texture is described in table 6 in the standard 
terms used by the Department of Agriculture. These 
terms are based on the percentages of sand, silt, and 
clay in the less than 2 millimeter fraction of the soil. 
“Loam,” for example, is soil material that contains 7 
to 27 percent clay, 28 to 50 percent silt, and less than 
52 percent sand. If the soil contains gravel or other 
particles coarser than sand, an appropriate modifier 
is added, as for example, “gravelly loamy sand.” “Sand,” 
“silt,” “elay,”’ and some of the other terms used in 
USDA textural classification are defined in the “Glos- 
sary” of this soil survey. 

Liquid limit and plasticity index are water contents 
obtained by specified operations. As the water content 
of a clayey soil from which the particles coarser than 
0.5 millimeter have been removed is increased from a 
dry state, the material changes from a semisolid to a 
plastic. If the moisture content is further increased, 
the material changes from a plastic to a liquid. The 
plastic limit is the moisture content at which the soil 
material changes from a semisolid to a plastic; and 
the liquid limit, from a plastic to a liquid. The plas- 
ticity index is the numerical difference between the 
liquid limit and the plastic limit. It indicates the range 
of water content within which a soil material is plastic. 
In table 9 the data on liquid limit and plasticity index 
are based on tests of soil samples. 

Permeability, as used here, is an estimate of the 
rate at which saturated soil transmits water in a verti- 
cal direction under a unit head of pressure. It is es- 
timated on the basis of those soil characteristics ob- 
served in the field, particularly structure, porosity, and 
texture. Lateral seepage or such transient soil features 
as plowpans and surface crusts are not considered. 

Available water capacity is an estimate of the ca- 


pacity of soils to hold water for use by most plants. 
It is defined here as the difference between the amount 
of water in the soil at field capacity and the amount 
at the wilting point of most plants. 

Reaction refers to the acidity or alkalinity of a soil, 
expressed in pH values for a stated soil-solution mix- 
ture, The pH value and terms used to describe soil 
reaction are explained in the “Glossary.” 

Salinity refers to the amount of salts more soluble 
than gypsum in the soil. It is expressed as the electrical 
conductivity of a saturation extract, in millimhos per 
centimeter at 25° C. Salinity affects the suitability of 
a soil for crop production, its stability when used as 
construction material, and its corrosiveness to metals 
and concrete. 

Shrink-swell potential refers to the relative change 
in volume to be expected of soil material with changes 
in moisture content, that is, the extent to which the 
soil shrinks as it dries out or swells when it gets wet. 
The extent of shrinking and swelling is influenced by 
the amount and kind of clay in the soil. Shrinking 
and swelling of soils may damage building foundations, 
roads, and other structures. Soils having a high shrink- 
swell potential are the most hazardous. 

Shrink-swell potential is not indicated for organic 
soils or certain soils which shrink markedly on drying 
but do not swell quickly when rewetted. 

Corrosivity, as used in table 6, pertains to potential 
soil-induced chemical action that dissolves or weakens 
uncoated steel or concrete. Rate of corrosion of un- 
coated steel is related to soil properties such as drain- 
age, texture, total acidity, and electrical conductivity 
of the soi] material. Installations of uncoated steel that 
intersect soil boundaries os soil hovizons are more sus- 
ceptible to corrosion than installations entirely in one 
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Percentage passing senatet® 
sieve—Continued Available Shrink ak oe 
Liquid Plasticity Perme- Sake " Soil Salinit ell - 
limit index ability a A reaction y au ke 

No. 40 No. 200 capacity potential Uncoated 
(0.42 mm) | (0.047 mm) steel Concrete 

Inches Inches pH Mmhos 

per hour per inch per em 

of soil at 25°C 
60-70 30-40 15-30 0-5 2.0-6.0 0.12—0.15 TOBA |e Low .H.. Mederate _| Low 
25-40 5-20 NP NP 6.0-20.0 | 0.03-0.05 79-8.4. | aes Low ~~~ Moderate _| Low 
60-70 30-40 15-30 0-5 2.0-6.0 0.13-0.17 TSB A. lence Low ~---- Moderate _; Low. 
25-40 5-20 NP NP 6.0-20.0 | 0.03-0.05 7.9-8.4 | Low —-~-— Moderate _| Low 
85-95 60-75 20-40 4-20 0.2-0.6 0.12-0.15 7.9-8.4 0-4 Moderate | High ~~~ Low 
85-95 60-85 20-40 2-10 0.6-2.0 0.20-0,.22 66-78) |e eee Low ~~ _-~ Moderate _| Low 
85-95 50-65 20-35 2-8 0.6-2.0 0.17-0.19 74-18 |.-----+ Low ~~~. Moderate _! Low. 
65-80 20-35 NP NP 2.0-6.0 0.05-0.10 ob ear it ci arenes Low ~-.-- Moderate _| Low 


kind of soil or in one coil horizon. Corrosivity for 
concrete is influenced main: by the content of sodium 
or magnesium sulfate, but also by soil texture and 
acidity. A corrosivity rating of low means that there 
is a low probability of soil-induced corrosion damage. 
A rating of high means that there is a high probabil- 
ity of damage, so that protective measures for un- 
coated steel and more resistant concrete should be 
used to reduce damage. 


Engineering interpretations of the soils 


The estimated interpretations in tables 7 and 8 are 
based on the engineering properties of soils shown in 
table 6, on test data for soils in this survey area and 
others nearby or adjoining, and on the experiences of 
engineers and soil scientists with the soils of the survey 
area. In table 7, ratings are used to summarize limita- 
tions or suitability of the soils for all listed purposes. 
Table 8 rates the suitability of the soils as sources of 
construction materials and lists those soil features not 
to be overlooked in planning, installation, and main- 
tenance for ponds and_ reservoirs, embankments, 
drainage of crops and pasture, and irrigation. 

In table 7, soil limitations are indicated by the rat- 
ings slight, moderate, and severe. Slight means soil 
properties generally favorable for the rated use, or in 
other words, limitations that are minor and easily 
overcome. Moderate means that some soil properties 
are unfavorable but can be overcome or modified by 
special planning and design. Severe means soil prop- 
erties so unfavorable and so difficult to correct or over- 
come as to require major soil reclamation, special de- 
sign, or intensive maintenance. 

Following are explanations of the columns in table 7. 

Septic tank absorption fields are subsurface systems 


of tile or perforated pipe that distribute effluent from 
a septic tank into natural soil. The soil material from 
a depth of 18 inches to 6 feet is evaluated. The soil 
properties considered are those that affect both ab- 
sorption of effluent and construction and operation of 
the system. Properties that affect absorption are per- 
meability, depth to water table or rock, and suscepti- 
bility to flooding. Slope is a soil property that affects 
difficulty of layout and construction and also the risk 
of soil erosion, lateral seepage, and downslope flow of 
ua Large rocks or boulders increase construction 
costs. 

Sewage lagoons are shallow ponds constructed to 
hold sewage within a depth of 2 to 5 feet long enough 
for bacteria to decompose the solids. A lagoon has a 
nearly level floor and sides, or embankments, of com- 
pacted soil material. The assumption is made that the 
embankment is compacted to medium density and the 
pond is protected from flooding. Properties are con- 
sidered that affect the pond floor and the embankment. 
Those that affect the pond floor are permeability, or- 
ganic matter, and slope; and if the floor needs to be 
leveled, depth to bedrock becomes important. The soil 
properties that affect the embankment are the engi- 
neering properties of the embankment material as in- 
terpreted from the Unified Soil Classification and the 
amount of stones, if any, that influence the ease of 
men and compaction of the embankment ma- 
terial. 

Shallow excavations are those that require digging 
or trenching to a depth of less than 6 feet, as for 
example, excavations for pipelines, sewer lines, phone 
and power transmission lines, basements, open ditches, 
and cemeteries. Desirable soil properties are good work- 
ability, moderate resistance to sloughing, gentle slopes, 
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TABLE 7.—Soil interpretations for land-use planning 


[An asterisk in the first column indicates that at least one mapping unit in this series is made up of two or more kinds of soil. 
The soils in such mapping units may have different properties and limitations, and for this reason it is necessary to refer to other 
series as indicated in the first column of this table, Some of the soil characteristics in this table are described in computer-adapted 
terms that differ from those in the Soil Survey Manual (8). Refer to the Explanation of Key Phrases, page 190, for the definition of 
“shrink-swell” and other terms that describe soil characteristics] 


Soil series and 
map symbols 


*Aberdeen: Ab, Ae --_- 
For Exline part of 
Ae, see Exline 
series. 
Arveson: Ar 


*Arvilla: As, AtA, AtB, 
AvA, AvB, AxC. 
For Sioux part of 
AxC, see SoB in 
the Sioux series. 


*Barnes: 
BaA, BaB, BaC, BbA, BbB, 
BdC. 
For Svea part of 

BbA, BbB, and 
BdC, see Svea 
series. For Buse 
part of BdC, see 
Buse series. 


Bet, bell. aucscasueanes 
Bearden: Bg -~-~-----~ 
*Binford: Bh, BkA, 


BkB, BIB, BmC, BmD. 
For Coe part of 
BmC and BmD, see 
Coe series. 


*Borup: Bn, Bo, BpB ___ 
For Marysland 
part of Bo, see 
Marysland series. 
For Vallers part 
of BpB, see 
Vallers series. 


*Brantford: 8rB, BsA, 
BsB, BEA, BtB, BuC, Bv. 
For Coe part of 
BuC, see Coe 
series, For 
Kensal part of 
By, see Kensal 
series, 


Degree and kind of limitation for— 


Septic tank 
absorption fields 


Severe: slow 
permeability. 


Severe: wet? —- 


Slight * 


Severe: mod- 
erately slow 
permeability 
in substratum. 


Severe: large 
stones. 
Severe: mod- 


erately slow 
permeability; 
seasonal 
water table. 


Slight where 
slopes are less 
than 9 percent. 

Moderate where 
slopes are 9 to 
15 percent. 


Severe: 
seasonal 
water table. 


Slight? 


Sewage lagoons Shallow Dwellings with | Sanitary landfill Loeal roads 

excavations basements and streets 

Slight -------~- Moderate to Severe: Severe: Severe: 

severe: wet. shrink-swell. seasonal shrink-swell. 
water table. 

Severe: wet; Severe: wet __| Severe: wet ___} Severe: wet: Severe: wet. 
moderately too sandy. 
rapid 
permeability. 

Severe: very Severe: cut- Slight —.----_ww Severe: very Slight. 
rapid banks eave. rapid per- 
permeability. meability? 

Slight where Slight _-_--.___ Moderate: Slight ---.-_-__ Moderate: 
slopes are less shrink-swell. shrink-swell. 
than 3 percent, 

Moderate where 
slopes are 8 
to 6 percent. 

Severe where 
slopes are 
more than 6 
percent, 

Severe: large | Severe: large | Severe: large | Severe: large | Moderate to se- 
stones. stones. stones. stones. vere: large 

stones. 

Moderate to Severe: wet ___| Severe: Severe: wet; Severe: 
severe: sea- seasonal seasonal shrink-swell. 
sonal water water table. water table. 
table. 

Severe: Severe: cut- Slight where Severe: very Slight where 
very rapid banks cave. slopes are 0 to rapid per- slopes are 0 
permeability. 9 percent, meability. to 9 percent. 

Moderate where Moderate 
slopes are 9 to where slopes 
15 percent. are 9to15 

percent, 

Severe: Severe: Severe: Severe: Severe: wet. 
seasonal seasonal seasonal seasonal 
water table. water table. water table. water table. 

Severe: Severe: cut- Slight ~---._-___ Severe: very Slight. 
very rapid banks cave. rapid per- 
permeability. meability. 
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Degree and kind of limitation for— 


Septic tank 
absorption fields 


Sewage lagoons 


Shallow 
excavations 


Dwellings with 
basements 


Sanitary landfill 


Local roads 
and streets 


*Buse: 
BzD. 

For Barnes part of 
BwE, see BoA in 
the Barnes se- 

ries; for Edgeley 
part of BxD, see 
Edgeley series; 

for Kloten part 

of ByE, see Kloten 
series; and for 
Stoux and Zell 

parts of BzD, see 

SoE in the Sioux 
and Zell series. 


*Cathay: Ca, ChA, 
ChB, Cm. 

For Heimdal part 
of ChA and ChB, 
see HoA in the 
Heimdal series. 
For Larson part 
of Cm, see 
Larson series, 


BwE, BxD, ByE, 


*Cavour: 
(Cit. dee Se bene eteee 

For Cresbard part 
of Cn, see 


Cresbard series. 


Co, see Vallers 


series. 
Cavour variant: CpB8 _- 
*Claire: CrA, CrB, 
Gs, Ct 


For Lohnes and 
Hamar parts of 
Ct, see those 
series 
respectively. 


Clontarf: Cu 


Colvin: Cw, Cx, Cy .. 


Severe: mod- 
erately slow 
permeability. 


Severe: slow 
permeability 
in subsoil. 


Severe: 
very slow 
permeability. 


Severe: 
very slow 
permeability ; 
large stones. 


Severe: 
very slow 
permeability ; 
shale bedrock. 

Slight * 


Slight * 


Slight where 
slopes are less 
than 9 percent. 

Moderate where 
slopes are 9 to 
15 percent. 

Severe where 
slopes are less 
than 15 
percent. 


Severe: 
seasonal 
water table; 
moderately 
slow perme- 
ability. 


Severe: slope__! 


Moderate: 
moderate 
permeability 


in substratum. 


Moderate to 
severe: large 
stones. 


Severe: shale 


bedrock. 


Severe: 
rapid 
permeability. 


Severe: mod- 
erately rapid 
permeability. 


Severe: 
very rapid 
permeability. 


Severe: 
seasonal 
water table. 


Moderate where 
slopes are 9 to 
15 percent. 


| Severe where 


slopes are less 
than 15 
percent. 


Moderate to 
severe: wet. 


Moderate: 
seasonal 
water table. 


Severe: large 
stones, 
Severe: wet; 


shale bedrock. 


Severe: cut- 
banks cave; 
too sandy. 


Severe: cut- 
banks cave. 


Severe: cut- 
banks cave. 


Severe: 
seasonal 
water table. 


Moderate where 
slopes are 9 to 
15 percent. 

Severe where 
slopes are less 
than 15 
percent. 


Moderate to 
severe: wet. 


Severe: 
shrink-swell,. 


Severe: large 
stones. 
Severe: wet; 
shrink-swell ; 
shale bedrock. 
Slight .o-525=- 
Moderate: 
wet. 
Slight where 


slopes are less 
than 9 percent, 
Moderate where 
slopes are 9 to 
15 percent. 
Severe where 
slopes are 
more than 15 
percent, 


Severe: 
seasonal 
water table. 


Slight where 
slopes are 
less than 
15 percent. 
Moderate where 
slopes are 
more than 
15 percent. 


Moderate: 
wet. 


Severe: wet --_ 


Severe: 
stones. 


large 


Severe: shale 


bedrock. 


Severe: rapid 
permeability. 


Severe: mod- 
erately rapid 
permeability. 


Severe: very 
rapid per- 
meability. 


Severe: 
seasonal 
water table. 


Moderate 
where slopes 
are 9 to 15 
percent. 

Severe where 
slopes are 
more than 15 
percent, 


Moderate: 
wet, shrink- 
swell. 


Severe: 
shrink-swell. 


Severe: 
shrink-swell; 
large stones. 


Severe: 
shrink-swell. 


Slight. 


Slight. 


Slight where 
slopes are 0 
to 9 percent. 

Moderate 
where slopes 
are 9 to 15 
percent. 

Severe where 
slopes are 
more than 15 
percent. 


Severe: wet. 
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TABLE 7.—Soil interpretations for land-use planning—Continued 


Degree and kind of limitation for— 


Soil series and 
map symbols 


Septic tank Sewage lagoons Shallow Dwellings with | Sanitary landfill Loeal roads 
absorption fields excavations basements and streets 

*Cresbard: Cz -------- Severe: slow Severe: Severe: Severe: Severe: Severe: 

For Cavour part of permeability. seasonal seasonal seasonal seasonal shrink-swell. 
Cz, see Cn in the water table. water table. water table; water table. 
Cavour series. shrink-swell. 

Dickey ~-.-------_--- Severe: mod- Slight where Slight --..2---- Moderate: Slight .----____ Moderate: 
Mapped only with crately slow slopes are 0 to shrink-swell shrink-swell 
Maddock, Hecla, permeability 3 percent, in substratum. in substra- 

and Towner soils. in substratum. | Moderate where tum. 
slopes are 3 to 
6 percent. 
Severe where 
slopes are 6 to 
9 percent. 

Divide: 

DvA, DvB, Dw, Dx, Dy ---| Severe: Severe: Severe: wet; Severe: wet; Severe: Moderate: 
seasonal very rapid cutbanks cave. seasonal seasonal wet. 
water table. permeability water table. water table.* 

in substratum. 

Di sett i Severe: Slight ---.----- Severe: wet __| Severe: wet; Severe: Moderate: 
seasonal seasonal seasonal wet. 
water table; water table. water tablet 
moderately 
slow permea- 
bility below a 
depth of 40 
inches. 

Eckman: EaA, FaB ___-_] Slight -.--_____ Moderate: Slight _-----___ Slight: 2o.-c554 Slight —.--__._ Moderate: 
moderate low strength. 
permeability. 

*Edgeley: Eb, EcB ----- Severe: shale | Severe: shale Moderate: Moderate: Moderate: Moderate: 

For Cavour part of bedrock. bedrock. shale bedrock. shale bedrock. shale bedrock, shrink-swell. 
EcB, see Cn In 
the Cavour 
series. 

Edgeley variant: Ed -_| Severe: shale | Severe: shale | Moderate: Moderate: Moderate: Slight. 

bedrock. bedrock. shale bedrock. shale bedrock. shale bedrock. 

Egeland: 

EeA, EeC ~~---.-_---- Slight * —---___- Severe: mod- Slight --------_ Slight -------__ Severe: mod- Slight. 

erately ra pid erately rapid 
permeability. permeability. 

Eg ---.-------------- Slight * -------- Severe: mod- | Severe: Slight --.---___ Severe: mod- | Slight. 

crately rapid substratum erately rapid 
permeability. too sandy. and vapid 
permeability.2 

EhA, EhB, EmC _------- Severe: mod- Slight where Slight ----~---- Moderate: Slight -...---__ Moderate: 
erately slow slopes are 0 to shrink-swell shrink-swell 
permeability 3 percent. in substratum. in substra- 
in substratum. | Moderate where tum. 

slopes are 8 to 
6 percent. 

Severe where 
slopes ave 6 to 
9 percent. 

Embden: 

EnA, EoB -----~-----~- Moderate: Severe: mod- Moderate: Moderate: Severe: mod- Slight. 
seasonal erately vapid moderately moderately erately rapid 
water table. permeability. well drained. well drained. permeability. 

EsA, EsB ~~~ Severe: mod- Slight where Moderate: Moderate: Slight .---_____ Moderate: 


evately slow 
permeability 
in substratum. 


slopes aie 0 to 
3 percent. 

Moderate where 
slopes are 3 to 
6 percent. 


moderately 
well drained. 


moderately 
well drained. 


shrink-swell 
in substra- 
tum. 
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Degree and kind of limitation for— 


Emrick: Et, Eu 


*Esmond: EvD 
For Coe and 
Embden parts of 
EvD, see the Coe 
series and EnA in 
the Embden 


series. 
Exline: Ew ~~ ~.------- 
*Pargo: Fa  --------- 


For Nutley part 
of Fa, see Nutley 


series, 
Fordville: Fd —..------- 
*Fossum: Fm, Fo, Fo —- 


For Hamar part of 
Fp, see Hamar 
series. 
*Fram: FrA, FeB, Fs, 
We 
For Wyndmere 
part of Fw, see 
Wp in the 
Wyndmere series. 


Gardena: GaA, GaB ___ 


Glyndon: 


Gravel pit: Gp. 
Too variable for 
interpretations 
to be made. 
Hamar: Ha, Hb, He, 
Hd. 


*Hamerly: Hed, HeB, 
Hf, HgA, HgB. 
For Svea part of 
HgA and HgB, see 
Svea series. 


water table. 


Severe: mod- 
erately slow 
permeability. 


table; rapid 
permeability. 


Moderate: 
seasonal 
water table. 


water table, 


Severe: wet _—__ 


water table. 


Severe: wet ___ 


water table.” 


Severe: 
seasonal 
water table. 


Septic tank Sewage lagoons Shallow Dwellings with | Sanitary landfill Local roads 
absorption fields excavations basements and streets 
Slight ------___ Moderate: Moderate: Moderate: Slight --.--.-_- Slight to 

moderate moderately moderately moderate: 
permeability. well drained, well drained. shrink-swell. 

Moderate where | Severe: slope__| Moderate where | Moderate where | Slight where Moderate 

slopes are 9 to slopes are 6 to slopes are 6 to slopes are where slopes 
15 percent. 15 percent. 15 percent. less than are 6 to 15 
Severe where Severe where Severe where 15 percent. percent. 
slopesare slopes are slopes are Moderate where | Severe where 
more than 15 more than 15 more than 15 slopes are slopes are 
percent. percent, percent, more than more than 15 
15 percent. percent. 
Severe: Moderate: Severe: wet __| Severe: wet; Severe: Severe: 
very slow | seasonal shrink-swell. seasonal shrink-swell, 
permeability; water table. water table. 
seasonal 
water table. 
Severe: slow Slight --------- Severe: wet; Severe: wet; | Severe: wet; Severe: wet; 
permeability. too clayey. shrink-swell. too clayey. shrink-swell. 
i . ‘ + 

Slight * _.------ Severe: _ Severe: cut- Slight .--__--_- Severe: very Slight. 
very rapid banks cave. rapid per- 
permeability meability in 
in substratum. substratum, 

Severe: Severe: sea- Severe: wet; Severe: wet; Severe: wet; Severe: wet. 

seasonal sonal water seasonal seasonal seasonal water 
water table.* table; rapid water table, water table, table; rapid 
permeability. permeability. 

Severe: Severe: Severe: wet; Severe: wet; Severe: wet; Moderate: 

seasonal seasonal seasonal seasonal seasonal wet. 
water table. water table. water table. water table, water table. 

Sheht. .o-j22- 2s Moderate: Moderate: Moderate: Sieh a.ee a 2 Moderate: 
moderate moderately moderately low strength. 
permeability. well drained. well drained. 

Severe: Severe: Severe: wet; Severe: wet; Severe: wet; Moderate: 

seasonal seasonal seasonal seasonal seasonal wet. 
water table. water table. water table, water table. water table. 

Severe: Severe: sea- Severe: wet; Severe: wet; Severe: Moderate: 

seasonal sonal water seasonal seasonal seasonal wet. 


Moderate: 
wet. 
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Soil series and 
map symbols 


*Hecla: HhA, HhB, 
HkA, HkB, HIB, Hm, 
HnA, HnB. 


For Hamar and 
Maddock parts of 
Hm, HoA and 
HnB, see_those 
series. For 
Dickey part of 
HIB, see Dickey 
series, 


*Heimdal: 
HoA, HoB, HoC, HpA, 
HpB, HpC, HsA, HsB, 
Hic, 

For Emrick part 
of HsA and HsB 
and Emrick and 
Esmond parts of 
HiC, see those 
series, 
HrD, HrE, H#D, HtE ~--- 
For Embden part 
of HrD and HrE, 
see EsA in the 
Embden series, 
For Emrick and 
Esmond parts of 
HtD and HtE, see 
Emrick and 
Esmond series. 
Kensal: Ke, Kf 


*Kloten: Kok, KsE 
For Sioux and 
Edgeley parts of 
KeE, see SoE in 
the Sioux series 
and the Edgeley 
series. 


Kratka: Kt 


LaDelle: La 


Lallie: Lb 


Lamoure: Le, Lm 


*La Prairie: 
For Lamoure part 
Lamoure series. 

of Lp, see 


Ln, Lp —-_] Severe: 


Septic tank 
absorption fields 


Slight * 


Moderate where 
slopes are 9 to 
15 percent. 

Severe where 
slopes are 
more than 15 
percent. 


Severe: slope; 
shale bedrock. 


Severe: wet; 
seasonal water 
table; mod- 
erately slow 
permeability 
in substratum. 


Severe: floods_. 


Severe: wet; 
seasonal water 
table; slow 
permeability. 


Severe: 
seasonal 
water table. 


wet; 


floods... 


Sewage lagoons 


Severe: rapid 
permeability. 


Moderate: 
moderate 
permeability. 


Severe: slope__ 


Severe: 
very rapid 
permeability 
in substratum. 


Severe: slope__ 


Severe: 
seasonal 
water table.’ 


Moderate: 
floods. 


Moderate: 
seasonal 
water table.’ 


Severe: floods__ 


Moderate: 
moderate 
permeability. 


Degree and kind of limitation for— 


Shallow 
excavations 


Severe: cut- 
banks cave. 


Slight 


Moderate where 
slopes are 9 to 
15 percent. 

Severe where 
slopes are 
more than 15 
percent. 


Severe: cut- 
banks cave. 


Severe: shale 
bedrock ; slope. 


Severe: wet; 
seasonal 


water table. 


Severe: floods__ 
Severe: wet; 
seasonal 


water table. 


Severe: 
seasonal 
water table. 


wet; 


Severe: floods__ 


Dwellings with 
basements 


Moderate: 
moderately 
well drained. 


Slight to 
moderate: 
shrink-swell. 


Moderate where 
slopes are 9 to 
15 percent. 

Severe where 
slopes are 
more than 15 
percent. 


Moderate: 
moderately 
well drained. 


Severe: shale 
bedrock; 


slope. 


Severe: wet; 
seasonal 


water table. 


Severe: floods__ 
Severe: wet —_. 
Severe: wet; 
seasonal 
water table; 
floods. 
Severe: floods__ 


Sanitary landfill 


Severe: rapid 
permeability, 


Slight where 
slopes are 9 to 
15 percent. 

Moderate where 
slopes are 
more than 
15 percent. 


Severe: very 
rapid per- 
meability in 
substratum. 


Severe: shale 
bedrock; slope. 


Severe: sea- 
sonal water 
table; wet. 


Severe: floods__ 


Severe: wet; 
seasonal 
water table. 


Severe: wet; 
seasonal water 
table; floods. 


Severe: floods__ 


Local roads 
and streets 


Slight. 


Slight to 
moderate: 
shrink-swell. 


Moderate 
where slopes 
are 9 to 15 
percent. 

Severe where 
slopes are 
more than 15 
percent, 


Slight. 


Moderate 
where slopes 
are 9 to 15 
percent. 

Severe where 
slopes are 
more than 15 
percent. 


Severe: wet. 


Moderate: 
shrink-swell. 


Severe: wet; 
shrink-swell. 


Severe: wet; 
shrink-swell, 


Severe: 
floods. 
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Larson: Lr 


Lemert: Ls 


Letcher: Lt, Lu 


Lohnes: Lv, Lw _------- 


Lv, Lw 


*Ludden: Lx, Lz 
For Lamoure part 

of Lz, see 
Lamoure series. 


*Maddock: MaA, MaB, 
MaC, MbA, MbB, MbC, 
MdB, MdC, MeD, MfD. 

For Dickey part of 
MdB and MdC, 
Serden part of 
McD, and Serden 
and Hecla parts 
of MfD, see those 
series. 


Made land: Mg. 
Too variable for 
interpretations 
to be made. 


Marsh: Mb. 
Too variable for 
interpretations 
to be made. 


*Marysland: Mm, Mn —. 
For Arveson part 
of Mn, see 
Arveson series. 


Minnewaukan: MwC _~ 


*Miranda: Mx 

For Cavour part of 

Mx, see Cn in the 
Cavour series, 


Nutley 
Mapped only with 
Fargo soils. 


water table.’ 


Severe: 
seasonal 
water table. 


Severe: slow 
permeability ; 
floods. 


Slight where 
slopes are 0 to 
9 percent.? 

Moderate where 
slopes are 9 to 
15 percent. 


Severe: 
seasonal 
water table. 


wet; 


Severe: wet; 
seasonal 


water table.’ 


Severe: 
very slow 
permeability ; 
seasonal 
water table. 


Severe: slow 
permeability. 


table; rapid 
permeability 
in substratum. 


Severe: sea- 
sonal water 
table; rapid 
permeability 
in substratum. 


Severe: rapid 
permeability, 
Severe: wet. 
Severe: rapid 
permeability. 
Severe: 

seasonal 


water table. 


Severe: sea- 
sonal water 
table; rapid 
permeability. 


Moderate: 
seasonal 
water table. 


Slight 


Septic tank Sewage lagoons Shallow 
absorption fields excavations 
eee eee eer Severe: slow Moderate: Moderate to 
permeability; seasonal severe: wet; 
seasonal water table.’ seasonal 
water table. water table; 
too clayey. 
eideciveecs! Severe: Severe: sea- Severe: wet; 
seasonal sonal water seasonal 


water table. 


Severe: wet; 
seasonal 
water table. 


Severe: cut- 
banks cave; 
too sandy. 


Severe: wet; 
seasonal 
water table; 
floods. 


Severe: cut- 
banks cave; 
too sandy. 


Severe: 
seasonal 
water table. 


wet; 


Severe: wet; 
seasonal 


water table. 


Severe: 
seasonal 
water table; 
too clayey. 


Moderate: 
clayey. 


too 


Dwellings with 
basements 


Severe: 
seasonal 
water table. 


Severe: wet; 
seasonal 


water table. 


Severe: wet; 
seasonal 


water table. 


Moderate: 
moderately 
well drained. 


Severe: wet; 
seasonal water 
table; floods; 
shrink-swell, 


Slight where 
slopes are 0 to 
9 percent. 

Moderate where 
slopes are 9 to 
15 percent. 


Severe: wet; 
seasonal water 
table, 


Severe: wet; 
seasonal water 
table. 


Severe: sea- 
sonal water 
table. 


Severe: 
shrink-swell. 


Sanitary landfill | Local roads 
and streets 
Severe: Moderate: 
seasonal shrink-swell. 


water table. 


Severe: 
seasonal 
water table. 


Severe: 
seasonal 
water table. 


Severe: rapid 
permeability; 
too sandy; 
eutbanks cave. 


Severe: wet; 
seasonal water 
table; floods. 


Severe: rapid 
permeability; 
too sandy. 


Severe: wet; 
seasonal 


water table. 


Severe: 
seasonal 
water table. 


Severe: 
seasonal 
water table. 


Moderate: 
too clayey. 


Moderate to 
severe: wet. 


Moderate: 
wet, 


Slight. 


Severe: wet; 
floods; 


shrink-swell. 


Slight where 
slopes are 0 
to 9 percent. 

Moderate 
where slopes 
are 9 to 15 
percent. 


Severe: wet. 


wet, 


Severe: 


Moderate: 
shrink-swell. 


Severe: 
shrink-swell. 
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Soil series and 
map symbols 


Degree and kind of limitation for— 


Septic tank 
_ absorption fields 


Osakis: 
Os, Ot 


Overly: 


Parnell: 


Peat: Pe. 
Too variable for 
interpretations 

to be made. 
Perella: Pr 


Ra 


Rauville: 


Renshaw: 
ReA, ReB, Rn, Rs 


*Ryan: Ry, Rz 
For Lamoure part 

of Rz, see 
Lamoure series. 


*Serden: Se 
For Hamar part of 
Se, see Hamar 
series. 


Severe: mod- 
erately slow 
permeability 
in substratum. 


Severe: mod- 
erately slow 
permeability. 


Severe: slow 
permeability; 
floods, 


Severe: mod- 
erately slow 
permeability; 
seasonal 
water table. 


Severe: slow 
permeability; 
floods; season- 
al water table. 


Slight? 


Severe: mod- 
erately slow 
permeability 
in substratum. 


Severe: very 
slow permea- 
bility; season- 
al water table. 


Moderate where 
slopes are 9 to 
15 percent? 

Severe where 
slopes are 
more than 15 
percent. 


Shallow Dwellings with | Sanitary landfill Local roads 
Sewage lagoons excavations basements and streets 
Severe: rapid | Severe: cut- Moderate: Severe: rapid | Slight. 
permeability banks eave. | moderately permeability 
in substratum. well drained. in substratum. 

Slight _----_--~ Severe: cut- Moderate : Shght -----____ Slight. 
banks cave. moderately 

well drained. 

Slight c2sss42s5 Moderate: Moderate: Moderate: Moderate: 
moderately shrink-swell. too clayey. shrink-swell. 
well drained. 

Severe: floods__| Severe: wet; Severe: wet; Severe: wet: Severe: wet; 
too clayey. floods; shrink- floods; too floods. 

swell, clayey. 

Severe: Severe: wet; Severe: wet; Severe: wet; Severe: wet; 

seasonal seasonal seasonal seasonal water seasonal 


water table. 


Severe: floods; 
seasonal 


water table. 


Severe: 
very rapid 
permeability 
in substratum. 
Slight 


Slight 


Severe: rapid 
permeability. 


Severe: 
very rapid 
permeability. 


Severe: 
very rapid 
permeability. 


water table. 


Severe: floods; 
seasonal 


water table. 


Moderate: cut- 
banks cave. 


Severe: 
seasonal 
water table; 
too clayey. 


Severe: cut- 
banks cave; 
too sandy. 


Moderate: cut- 
banks cave. 


Severe: cut- 
banks cave; 
slope. 


water table. 


Severe: floods; 
seasonal 


water table. 


Moderate: 
shrink-swell in 
substratum. 


Severe: wet; 
seasonal 


water table. 


Shght 


Slight where 
slopes are 6 to 
9 percent. 

Moderate where 
slopes are 9 to 
15 percent. 

Severe where 
slopes are 
more than 15 
percent. 


table; floods. 


Severe: wet; 
seasonal water 
table; floods. 


Severe: very 
rapid per- 
meability in 
substratum.* 

Slight 


Severe: wet; 
seasonal 


water table. 


Severe: rapid 
permeability ;* 
cutbanks cave; 
too sandy. 


Severe: very 
rapid per- 
meability.* 


Severe: very 
rapid per- 
meability. 


water table; 
floods. 


Severe: 
floods. 


wet; 


Slight. 


Slight. 


Severe: 


Slight. 


Slight. 


Slight where 
slopes are 6 
to 9 percent. 

Moderate 
where slopes 
are 9 to 15 
percent. 

Severe where 
slopes are 
more than 15 
percent. 
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Soil series and 
map symbols 


Degree and kind of limitation for— 


Septic tank Shallow Dwellings with | Sanitary landfill Local roads 
absorption fields | Sewage lagoons excavations basements and streets 
Spottswood: Sp, Sr __.-} Moderate: Severe: Severe: cut- Moderate: Severe: very Slight. 
seasonal very rapid banks cave, moderately rapid per- 
water table. permeability well drained. meability in 
in substratum. substratum. 
Stirums ‘Sc .2225s2nc- Severe: Severe: sea- Severe: wet; Severe: wet; Severe: wet; Severe: wet. 
seasonal sonal water seasonal seasonal seasonal water ! 
water table.’ table; moder- water table. water table. table; moder- 
ately rapid ately rapid 
permeability permeability 
in substratum. in substratum.’ 
*Svea: St, SvA, SvB, Severe: mod- | Slight where Moderate: Moderate: Slight --------- Moderate: 
SwC, Sx. erately slow slopes are 0 to moderately moderately shrink-swell. 
For Barnes part of permeability 8 percent. well drained. well drained. 
SvA, SvB, and in substratum. | Moderate where 
SwC, see BoA in slopes are 8 to 
the Barnes 5 percent, 


series; for Buse 
part of SwC, see 
Buse series; and 
for Cresbard 
part of Sx, see 
Cresbard serics. 


Svea variant: Su --_-- 


*Swenoda: Sz 
For Embden part 
of Sz, see EsA in 
the EXmbden 
series. 


Tf, Tq 


Tiffany: 


Tolna: Th 


Tonka: To 


Totten: 
Ts, Tt, Tu 


*Towner: TwA, TwB, 
Tx. 
For Dickey part of 
Tx, see Dickey 
series. 


Severe: mod- 
evately slow 
permeability. 


Severe: mod- 
erately slow 
permeability 
in substratum. 


Severe: 
seasonal 
water table.* 


Severe: floods__ 


Severe: 
floods; slow 
permeability. 


Severe: wet; 
seasonal 


water table.’ 


Severe: wet; 
seasonal water 
table; mod- 
erately slow 
permeability 
in substratum. 


Severe: mod- 
erately slow 
permeability 
in substratum. 


Severe where 
slopes are 6 to 


9 percent. 
Slight 22-222. 
| Slight --------- 
Severe: sea- 


sonal water 
table; mod- 
evately rapid 
permeability. 


Severe: 
very rapid 
permeability 
in substratum; 
floods. 


Slight 


Severe: wet; 
seasonal water 
table; rapid 
permeability 
in substratum. 

Severe: wet; 
seasonal 
water table. 


Slight where 
slopes are 0 to 
3 percent. 

Moderate where 
slopes are 3 to 
6 percent. 


Moderate: 
moderately 
well drained. 


Moderate: 
moderately 
well drained. 


Severe: wet; 
seasonal 


water table. 


Severe: floods__ 


Severe: floods; 


wet. 


Severe: wet; 
cutbanks cave. 


Severe: wet -__ 


Moderate: too 
clayey in 


substratum. 


Moderate: 
moderately 
well drained. 


Moderate: 
moderately 
well drained. 


Severe: wet; 
seasonal 


water table. 


Severe: floods_- 


Severe: floods; 


wet. 


Severe: 
seasonal 
water table. 


wet; 


Severe: wet; 
seasonal 


water table. 


Moderate: 
shrink-swell, 


Moderate: too 
clayey in 


substratum. 


Severe: wet; 
seasonal water 
table; moder- 
ately rapid 
permeability.” 


Severe: floods; 
very rapid 
permeability 
in substratum. 


Severe: floods; 
wet. 

Severe: wet; 
seasonal 


water table; 

too sandy. 
Severe: wet; 
seasonal 
water table. 


Moderate: 
too clayey in 
substratum. 


Moderate: 
shrink-swell. 


Moderate: 


shrink-swell. 


Severe: wet. 


Severe: 
floods. 


Severe: 
floods; wet. 


Severe: wet. 
Severe: wet. 
Moderate: 


shrink-swell. 
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Soil series and 
map symbols 


Degree and kind of limitation for— 


Septic tank 
absorption fields 


Vallers: Va 


Venlo: Vo 


Wa —------ 


Wahpeton: 


Walsh: WbB, WbC, 
WceA, WcB, We. 


Walum: Wd, We 


Warsing: 
Wf, Wg 


NEO dcepiccisoiciena tant ante 


*Wyrene: 

Wr, Wt 

For Totten part of 

Wt, see the Totten 
series. 


Severe: sea- 
sonal water 
table; mod- 
erately slow 
permeability. 


Severe: wet; 
seasonal 


water table.’ 


Severe: floods__ 
Slight -----.--- 
Slight.* c2ne-s-3 
Slight * -----_-- 
Severe: mod- 
erately slow 
permeability 
In substratum. 
Severe: floods__ 
Severe: 
seasonal 


water table.’ 


Severe: mod- 
erately slow 
permeability 
in substratum; 
seasonal 
water table. 


Severe: 
seasonal 
water table.’ 


Severe: mod- 
erately slow 
permeability 
in substratum; 
seasonal 
water table. 


Shallow Dwellings with | Sanitary landfill 
Sewage lagoons excavations basements 
Severe: Severe: wet; Severe: wet; Severe: wet; 
seasonal seasonal seasonal seasonal 


water table. 


Severe: 
very rapid 
permeability 
in substratum. 


Severe: wet; 
seasonal water 
table; rapid 
permeability. 


Moderate: 
floods. 


Moderate: 
moderate 
permeability. 

Severe where 
slopes are 6 to 
9 percent. 


Severe: 
very rapid 
permeability 
in substratum. 


Severe: 
very rapid 
permeability 
in substratum. 
Slight 


Moderate: 
moderate 
permeability. 


Severe: mod- 
erately rapid 
permeability; 
seasonal 
water table. 

Severe: 
seasonal 
water table. 


Severe: rapid 
permeability 
in substratum; 
seasonal 
water table. 

Severe: 
seasonal 
water table. 


water table. 


Severe: cut- 
banks cave. 


Severe: wet; 
seasonal 


water table, 


Severe: floods__ 
Slight _---..--_ 
Severe: cut- 


banks cave, 


Severe: cut- 


banks cave. 


Severe: cut- 
banks cave. 


Severe: wet; 
floods. 

Severe: sea- 
sonal water 
table; wet. 
Severe: sea- 
sonal water 
table. 

Severe: sea- 
sonal water 
table; wet. 
Severe: sea- 
sonal water 
table. 


water table. 


Slight 


Severe: wet; 
seasonal 


water table. 


Severe: floods; 
shrink-swell. 


Moderate: 
shrink-swell. 


Moderate: 
moderately 
well drained. 


Moderate: 
moderately 
well drained. 


Moderate: 
moderately 
well drained. 


Severe: wet; 
floods. 
Severe: sea- 
sonal water 
table; wet. 

| Severe: sea- 
sonal water 
table; wet, 
Severe: sea- 


sonal water 
table; wet. 


Severe: sea- 
sonal water 
table; wet. 


| Severe: 


water table. 


very 
rapid per- 
meability in 
substratum. 


Severe: wet; 
seasonal 
water table. 


Severe: floods__ 
Sight eeeeeen 
Severe: very 
rapid per- 


meability in 
substratum.’ 


Severe: very 
rapid per- 
meability in 
substratum. 

Slight 


Severe: floods.._ 


Severe: sea- 
sonal water 
table; mod- 
erately rapid 
permeability. 

Severe: sea- 
sonal water 
table; rapid 
permeability 
in upper part. 


Severe: sea- 
sonal water 
table; rapid 
permeability 
in substratum. 

Severe: sea- 
sonal water 
table; rapid 
permeability 
in upper part. 


Local roads 
and streets 
Severe: wet. 
Slight. 
Severe: wet. 
Severe 
floods; 


shrink-swell. 


Moderate: 
shrink-swell. 


Slight. 


Slight. 


Moderate: 
shrink-swell 
in substra- 
tum. 


Severe: 
floods. 


Moderate: 
wet. 


Moderate: 


wet. 


Moderate: 


wet. 


Moderate: 
wet. 
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Soil series and 
map symbols 


Degree and kind of limitation for— 


Septic tank 
absorption fields 


Sewage lagoons 


Shallow 
excavations 


Dwellings with 
basements 


Sanitary landfill 


Local roads 
and streets 


Zell 


Mapped only with 
Buse and Sioux 
soils, 


Moderate: 
moderate 
permeability. 

Severe where 
slopes are 
more than 15 
percent. 


Moderate where 
slopes are 3 to 
6 percent. 

Severe where 
slopes are 
more than 15 
percent, 


Slight where 
slopes are 8 to 
9 percent. 

Moderate where 
slopes are 9 to 
15 percent. 

Severe where 
slopes are 
more than 15 
percent. 


Moderate where 


slopes are 3 to 

15 percent. 
Severe where 

slopes are 

more than 

15 percent. 


Slight where 
slopes are 3 to 
15 percent. 

Moderate where 
slopes are 15 
to 25 percent. 

Severe where 
slopes are 
more than 
25 percent. 


Moderate 
where slopes 
are 3 to 15 
percent. 

Severe where 
slopes are 
more than 15 
percent, 


‘Pollution is a hazard because of permeability. 


absence of rock outcrops or big stones, and freedom 
from flooding or a high water table. 

Dwellings, as rated in table 7, are not more than 
three stories high and are supported by foundation 
footings placed in undisturbed soil. The features that 
affect the rating of a soil for dwellings are those that 
relate to capacity to support load and resist settlement 
under loam, and those that relate to ease of excava- 
tion. Soil properties that affect capacity to support 
load are wetness, susceptibility to flooding, density, 
plasticity, texture, and shrink-swell potential. Those 
that affect excavation are wetness, slope, depth to bed- 
rock, and content of stones and rocks. 

Sanitary landfill is a method of disposing of refuse 
in dug trenches. The waste is spread in thin layers, 
compacted, and covered with soil throughout the dis- 
posal period. Landfill areas are subject to heavy ve- 
hicular traffic. Some soil properties that affect suita- 
bility for landfill are ease of excavation, hazard of 
polluting ground water, and trafficability. The best 
soils have moderately slow permeability, withstand 
heavy traffic, and are friable and easy to excavate. 
Unless otherwise stated the ratings in table 7 apply 
only to a depth of about 6 feet, and therefore limita- 
tion ratings of slight or moderate may not be valid 
if trenches are to be much deeper than that. For some 
soils, reliable predictions can be made to a depth of 
10 to 15 feet, but regardless of that, every site should 
be investigated before it is selected. 

Local roads and streets, as rated in table 7, have 
an all-weather surface expected to carry automobile 
traffic all year. They have a subgrade of underlying 
soil material; a base consisting of gravel, crushed 
rock, or soil material stabilized with lime or cement; 
and a flexible or rigid surface, commonly asphalt or 
concrete. These roads are graded to shed water and 
have ordinary provisions for drainage. They are built 
mainly from soil at hand, and most cuts and fills are 
less than 6 feet deep. 

Soil properties that most affect design and construc- 
tion of roads and streets are load-supporting capacity 
and stability of the subgrade, and the workability 
and quantity of cut and fill material available. The 
AASHTO and Unified classifications of the soil ma- 


terial, and also the shrink-swell potential, indicate 
traffic-supporting capacity. Wetness and flooding affect 
stability of the material. Slope, depth of hard rock, 
content of stones and rocks, and wetness affect ease 
of excavation and amount of cut and fill needed to 
reach an even grade. 

In table 8, soil suitability is rated by the terms good, 
fair, and poor. Following are explanations of some of 
the columns in table 8. 

Road fill is soil material used in embankments for 
roads. The suitability ratings reflect (1) the pre- 
dieted performance of soil after it has been placed in 
an embankment that has been properly compacted and 
provided with adequate drainage, and (2) the relative 
ease of excavating the material at borrow areas. 

Sand and gravel are used in great quantities in many 
kinds of construction. The ratings in table 8 provide 
guidance about where to look for probable sources. A 
soil rated as a good or faiy source of sand or gravel 
generally has a layer at least 8 feet thick, the top of 
which is within a depth of 6 feet. The ratings do not 
take into account thickness of overburden, location of 
the water table, or other factors that affect mining of 
the materials, and neither do they indicate quality of 
the deposit. 

Topsoil is used for topdressing an area where vege- 
tation is to be established and maintained. Suitability 
is affected mainly by ease of working and spreading 
the soil material, as for preparing a seedbed; natural 
fertility of the material, or its response of plants when 
fertilizer is applied; and absence of substances toxic 
to plants. Texture of the soil material and its content 
of stone fragments are characteristics that affect suita- 
bility, but also considered in the ratings is damage that 
will result at the area from which topsoil is taken. 

Pond reservoir areas hold water behind a dam or 
embankment. Soils suitable for pond reservoir areas 
have low seepage, which is related to their permeabil- 
ity and depth to fractured or permeable bedrock or 
other permeable material. 

Embankments, dikes, and levees require soil ma- 
terial resistant to seepage and piping and of favorable 
stability, shrink-swell potential, shear strength, and 
compactibility. Presence of stones or organic material 
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TABLE 8.—Engineering 


[An asterisk in the first column indicates that at least one mapping unit in this series is made up of two or more kinds of soil. The 
as indicated in the first column of this table. Some of the soil characteristics in this table are described in computer-adapted terms 
“shrink-swell” and other terms that 


Soil series and map symbols 


*Aberdeen: Ab, Ae 
For Exline part of Ae, see Exline series. 


Arveson: 


*Arvilla: As, AtA, AtB, AvA, AvB, AxC 
For Sioux part of AxC, see SoB in the Sioux 
series. 


*Barnes: BaA, BaB, BaC, BbA, BbB, BdC 
For Svea part of BbA, BbB, and BdC, see 
Svea series. For Buse part of BdC, see 

Buse series. 


BOB. BOC ets ete a i 
IBGATCens: (Boe tee 
*Binford: 8h, BkA, BkB, BIB, BmC, BmD ~~ ~------_ 


For Coe part of BmC and BmD, see Coe series. 


*Borup: Bn, Bo, BpB 
For Marysland part of Bo, see Marysland 
series. For Vallers part of BpB, see 
Vallers series. 


“Brantford: BrB, BsA, BsB, BtA, BtB, BuC, Bv 
For Coe part of BuC, see Coe series. For 
Kensal part of Bv, see Kensal series. 


*Buse: BwE, BxD, ByE, BzD 
For Barnes part of BwE, see BoA in the Barnes 
series; for Edgeley part of BxD, see Edgeley 
series; for Kloten part of ByE, see Kloten 
series; and for Sioux and Zell parts of 82D, 

see SoE in the Sioux and Zell series. 


*Cathay: Ca, ChA, ChB, Cm 
For Heimdal part of ChA and ChB, see HoA in 
the Heimdal series. For Larson part of 
Cm, see Larson series. 


“oe 


“Foe Vallers part of Co, see Vallers series. 


Cavour variant: 


Suitability as a source of— 


Topsoil 


Road fill Sand and gravel 
Poor: shrink-swell __--| Unsuited _____.-_-__-__ 
Poor: wet —.------__-~ Poor to fair for sand —__ 
G000 ase c35 eso secsgos Fair: excessive fines __ 
Fair: shrink-swell ~---| Unsuited _--_______--___ 
Fair to poor: large Unsuited ~-----------_- 
stones. 
Poor: shrink-swell _-..| Unsuited -----.-.-.--_- 
Good __-_-_.----_------ Poor: high shale 
content. 
Poor: wet ---------_- Unsuited ------. 2 
Good 22-22 Poor: high shale 
content. 
Fair: slope; shrink- Unsuited .----.._____! 
swell. 
Fair: shrink-swell __..] Unsuited _.----________ 
Poor: shrink-swell -~---| Unsuited ---------___.. 
Poor: shrink-swell; Unsuited __-___________ 
large stones. 
Poor: shrink-swell ~---| Unsuited ----._----.---- 


Fair: thin layer; too 
clayey. 

Poor: wet --.-.-- LL 
Poor: thin layer --_. 
Good 2os82 22555 le 
Poor: large stones ____ 
Poor: excess salt _.___ 
Poor: thin layer ~.___ 
Poor: wet ~~. 2-2 
Fair: thin layer ~..-_ 
Poor: thin layer .-.-. 
Fair: thin layer; 


excess salt, 


Poor: thin layer; 
excess salt. 


Poor: large stones; 
excess salt. 


Poor: thin layer; 
excess salt. 
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soils in such mapping units may have different properties and limitations, and for this reason it is necessary to refer to other series 
that differ from those in the Soil Survey Manual (8). Refer to the Explanation of Key Phrases, page 190, for the definition of 
describe soil characteristics] 


Soil features affecting— 


Pond reservoir 
areas 


Favorable 


Wet; moderately rapid 
permeability; sea- 
sonal water table. 


Very rapid perme- 


ability, 


Favorable 


Favorable 


Seasonal water table __. 


Very rapid perme- 
ability. 


Seasonal water table --- 


Very rapid perme- 
ability. 


Seasonal water table ___ 


Favorable 


Favorable 


Favorable 


Dikes, levees, and 
other embankments 


Drainage for crops 
and pasture 


Irrigation 


Irrigation management 
concerns 


Shrink-swell; low 
strength; medium 
compressibility. 


Moderately rapid 
permeability; low 
compressibility, 


Medium to high shear 
strength, 


Low strength; medium 
compressibility. 


Large stones 


Low strength 


Medium strength; _ 
susceptible to piping. 


Low strength 


Medium strength; 
susceptible to piping. 


Low strength; medium 
compressibility. 


Low strength; medium 
compressibility. 


Low strength; high 
compressibility. 


Large stones; low 
strength. 


Low strength; high 
compressibility. 


Slow permeability 


Wet; poor outlets _.____ | 


Not needed 


Not needed 


Not needed 


Excess salt; poor 
outlets. 


Not needed 


Seasonal water table; 
poor outlets. 


Not needed 


Not needed 


Slow permeability in 
subsoil. 


Very slow permeability ; 
excess salt. 


Large stones 


Very slow permeability; 
shale bedrock. 


Slow permeability; 
alkalinity; seasonal 
water table; salinity. 


Low available water 
capacity; salinity; 
seasonal water table. 


Low available water 
capacity; shallow 
soil; high infiltration 
rate; topography in 
places. 


Moderately slow perme- 
ability; salinity; 
topography in places. 

Unsuited 


Moderately slow perme- 
ability; seasonal 
water table; salinity; 
alkalinity. 


Low available water 
capacity; shallow 
soil; high infiltration 
rate; topography in 
places. 


Moderate permeability; 
salinity; seasonal 
water table; seepage 
in places. 


Low available water 
capacity; shallow 
soil; topography in 
places. 


Moderately slow perme- 
ability; topography; 
salinity. 


Slow permeability in 
subsoil; alkalinity; 
salinity; seasonal 
water table; 
topography in places. 


Very slow permeability ; 
alkalinity; salinity; 
seasonal water table. 

Unsuited 


Very slow permeability; 
alkalinity; salinity; 


seepage; topography. 


Waterlogging; salinity. 


Erosion; percolation 
loss; drain stability; 
gravity-distributing 
water. 


Erosion; percolation 
loss; drain stability; 
gravity-distributing 
water. 


Waterlogging; salinity; 
gravity-distributing 
water; erosion in 
places. 

Large stones. 


Waterlogging; salinity. 


Erosion; percolation 
loss; drain stability; 
gravity-distributing 
water. 


Waterlogging; salting. 


Percolation loss; drain 
stability; gravity- 
distributing water; 
water erosion in 
places. 


Gravity-distributing 
water; water erosion; 
waterlogring; salting. 


Waterlogging; salting; 
gravity-distributing 
water; water erosion 
in places. 


Waterlogging; salting. 
Large stones, 


Waterlogging; salting; 
gravity-distributing 
water. 
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Soil series and map symbols 


*Claire: CrA, CrB, Cs, Ct 
For Lohnes and Hamar parts of Ct, see 
those series. 


Clontarf: Cu 


Coe: CvB, CvD 


Colvin: Cw, Cx, Cy 


*Cresbard: Cz 
For Cavour part of Cz, see Cn in the Cavour 
series. 


Dickey 
Mapped only with Maddock, Hecla, and 
Towner soils. 


Divide: 
DvA, DvB, Dw, Dx, Dy 


Eckman: EaA, EaB 


*Edgeley: Eb, EcB : 
For Cavour part of EcB, see Cn in the Cavour 
series. 


Edgeley variant: 


Egeland: 
EeA, EeC 


SOIL SURVEY 


TABLE 8.—Engincering interpretations 


Suitability as a source of— 


Road fill Sand and gravel Topsoil 
Good oe en Fair: sand ~~~. ~_____ Poor: too sandy ..._._ 
Good a2 232-2 e tess Fair: sand —------____ GO0d Senses 
Good where slopes are Poor: high shale Poor: thin layer _____ 
less than 15 percent. content. 
Fair where slopes are 
more than 15 percent. 
Poor: wet ~~~ ___ Unsuited ~------_______ Poor: wet ~~~. 
Poor: shrink-swell ____| Unsuited ~-----.-___.._ Poor: thin layer ~___. 
Fair: shrink-swell in Unsuited ---------_____ Fair to poor: too 
substratum. sandy, 
Fair: wet —.0.-----___ Fair to poor: sand Good? ~_---____ 
and gravel. 
Fair: wet; shrink- Poor: thin layer of Good ~------- 
swell below a depth sand and gravel. 
of 40 inches, 
Fair: low strength _-__; Unsuited --_---....____ G00 has ceco hs 
Fair: shrink-swell] ____| Unsuited _-..._-------__ Poor: thin layer ~__ 
Fair: thin layer _---__ Poor: thin layer _---_- Fair: thin layer WL 
Good. 2ecsece oes be Unsuited -------_-_-__ Goo! Sasol 
Good 22 et ese Poor to fair: sand —-.-] Good ~~------ 
Good in upper 40 inches_| Unsuited -----_---_--__- GO6d: asec eho 


Fair: shrink-swell 
below 40 inches. 
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Soil features affecting— 


Pond reservoir 
areas 


Dikes, levees, and 
other embankments 


Drainage for crops 
and pasture 


Irrigation 


Trrigation management 
concerns 


Rapid permeability _-__ 


Moderately rapid 
permeability. 


Very rapid perme- 
ability. 


Seasonal water table ___ 


Favorable 


Very rapid perme- 
ability in substratum. 


Seasonal water table; 
rapid permeability 
above a depth of 
40 inches. 


Moderate permeability — 


Moderate permeability; 
shale bedrock. 


Moderate permeability; 
shale bedrock. 


Moderately rapid 
permeability. 


Moderately rapid and 
rapid permeability. 


Moderately rapid 
permeability in 
upper part. 


Medium strength; 
susceptible to piping. 


Medium strength; 
susceptible to piping. 


Low to medium 
compressibility; 
subject to piping. 


Low strength 


Low strength; medium 
compressibility. 


Medium to low shear 
strength. 


Medium strength; 
subject to piping. 


Medium strength 


Low strength; piping 
hazard. 


Shale bedrock; low 
strength. 


Shale bedrock; 
peres rapidly. 


Medium strength 


Medium strength; 
susceptible to piping. 


Low to medium 
strength. 


Not needed ~---------- 


Cutbanks cave 


Not needed ~--.-------- 


Moderately slow 
permeability; poor 
outlets, 


Slow permeability ; 
excess alkali. 


Not needed 


Cutbanks cave;* 


seasonal water table. 


Seasonal water table ___ 


Not needed 


Not needed 


Not needed 


Not needed 


Not needed 


Not needed 


Very low available 
water capacity; rapid 
infiltration; topog- 
raphy in places. 


Low available water 
capacity; moderately 
deep soil; rapid 
infiltration. 


Very low available 
water capacity; very 
shallow soil; rapid 
infiltration; topog- 
raphy. 


Moderately slow perme- 
ability; seasonal 
water table; salinity; 
alkalinity in places. 


Slow permeability in 
subsoil; alkalinity; 
salinity; seasonal 
water table. 


Moderately slow perme- 
ability in substratum; 
rapid infiltration; 
topography. 


Low available water 
capacity; moderately 
deep soil; salinity; 
seasonal water table; 
topography in places, 

Low available water 
capacity; moderately 
deep soil; salinity; 
seasonal water table. 


Moderate permeability; 
topography in places. 


Moderately deep soil; 
topography in places; 
shale bedrock. 


Moderately deep soil; 
shale bedrock. 


Moderate available 
water capacity; 
topography in places. 


Moderate available 
water capacity; 
topography in places. 


Moderate available 
water capacity; 
moderately slow 
permeability in 
substratum; topog- 
raphy in places. 


Evosion; percolation 
loss; drain stability; 
gravity-distributing 
water. 


Erosion; percolation 
loss; drain stability; 
gravity-distributing 
water. 


Erosion; percolation 
loss; drain stability; 
gravity-distributing 
water. 


Waterlogging; salting. 


Waterlogging; salting. 


Erosion; percolation 
loss; drain stability; 
waterlogeing; 
gravity-distributing 
water. 


Percolation loss; drain 
stability; gravity- 
distributing water; 
water erosion. 


Percolation loss; drain 
stability. 


Waterlogging; gravity- 
distributing water; 
water erosion. 


Waterlogging; gravity- 
distributing water. 


Waterlogging. 


Erosion; percolation 
loss; drain stability; 
gravity-distributing 
water in places. 


Erosion; percolation 
loss; drain stability; 
gravity-distributing 
water in places, 


Evosion; percolation 
loss; drain stability; 
waterlogging; 
gravity-distributing 
water in places. 
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SOIL SURVEY 


TABLE §.—Engineering interpretations 


| 
Suitability as a source of— 
Soil series and map symbols 
Road fill Sand and gravel Topsoil 
Embden: 
End; GOR sonee cose c ooo tle coco lsoceses Good ~--------_-...------ Unsutited 2-2-2222 Good ~_--.-----_ 
BsAy E6B Se eset et ee eee Fair: shrink-swell in Unsuited __.~--- Good _______ 
substratum. 
Mimrickt) “ER Ed «-cecscyose ae eee Good to fair: shrink- Unsuited ---4-.-.---.-= GOO 26225 sek ke 
swell. 
*Bismond®..EvD? astenoalate enon eo eee Fair: shrink-swell; Unsuited --------..---- Poor: too thin —--____ 
For Coe and Embden parts of EvD, see the slope. 
Coe series and EnA in the Embden series. 
Bxlines “EW tee Poor: shrink-swell _.--| Unsuited __-..--------- Poor: excess salt .____ 
Barge - Fa: 22500 ee eee een epeeens Poor: shrink-swell; Unsuited ~_----.--__--- Poor: wet; too clayey — 
For Nutley part of Fa, see Nutley series. wet. 
Fordvilles: Fd 2s<2--2-2. ee Good ___.-------------- Fair: sand and GOOU: en As oe 
gravel. 
*Fossum: Fm, Fo; Fp ------.------+-s-..----+.4- Poor: wet ...--------- Unstited: <2. -2 2 Poor: wet ~---------. 
For Hamar part of Fp, see Hamar series. 
*Bram?:  FrAj (Feb) Psy Fw 25-22-23 -nasnsss5 Fair: wet -2---.--~--. Unsuited -_------------ Good)? seso sol 
For Wyndmere part of Fw, see Wp in the 
Wyndmere series. 
Gardena: GaA, GaB ----------------...-------- Fair: low strength ~---| Unsuited ---..-..-----_ G00! seen once eee 
Glyndon? Gd,, Gé sasssneseecsee noe cb esse Fair: wet --.--------- Unsuited ~-------_-____ Good! ______----- 
Gravel pit: Gp. 
Too variable for interpretations to be made. 
Hamar: Ha, Hb, He, Hd ~-----.---------------- Fair? ‘wét: 2-n--2-sce05 Unsuited -------_--__-- Fair to poor: thin 
layer; too sandy. 
*Hamerly: Hed, HeB, Hf, HgA, HgB .~---------- Fair: wet ------------ Unsuited -----------_-- Fair: thin layer? ___. 
For Svea part of HgA and HgB, see Svea 
series. 
*Hecla: HhA, HhB, HkA, HkB, HIB, Hm, HnA, HnB ~~) Good _--_----------_--- Unsuited ~----.------__ Good to poor: too 
For Hamar and Maddock parts of Hm, HnA, sandy. 
and HnB, see those series, and for Dickey 
part of HIB, see Dickey series. 
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Soil features affecting— 


Pond reservoir 
areas 


Dikes, levees, and 
other embankments 


Drainage for crops 
and pasture 


Irrigation 


Irrigation management 
concerns 


Moderately rapid 
permeability. 


Moderately rapid 
permeability in 
upper part. 


Moderate permeability — 

Slope; moderate 
permeability. 

Favorable 


Favorable 


Very rapid permeability 
in substratum. 


Wet; seasonal water 
table; rapid 
permeability. 


Seasonal water table ___ 


Moderate permeability — 


Moderate permeability — 


Rapid permeability; 
seasonal water table. 


Seasonal water table ___ 


Rapid permeability --~_ 


Medium strength; 
susceptible to piping. 


Medium strength; 
susceptible to piping. 


Low strength; piping 
hazard. 


Low strength; hard to 
pack; piping nazard. 


Low strength 


Low strength; hard 
to pack; high 
compressibility. 


Medium strength; fair 
to good compaction 
characteristics. 


Medium strength; 
piping hazard. 


Low strength; hard 
to pack. 


Low strength; hard 
to pack. 


Low strength; hard 
to pack. 


Medium strength; 
susceptible to piping. 


Medium to low 
strength; medium 
compressibility. 


Medium strength; 
susceptible to piping. 


Not needed 


Not needed 


Not needed 


Not needed 


Very slow permeability ; 
excess salt. 


Slow permeability 


Not needed 


Wet; seasonal water 
table; poor outlets. 


Seasonal water table? —_ 


Not needed 


Seasonal water table* __ 


Wet; seasonal water 
table; cutbanks 
cave; poor outlets. 


Seasonal water table; 
moderately slow 
permeability? 


Not needed 


Moderate available 
water capacity; 
topography in places. 


Moderately slow perme- 
ability in substratum; 
topography in places. 


Moderate permeability; 
salinity; complex 
slope in places. 


Topography; mod- 
erate permeability; 
salinity. 


Very slow permeability 
in subsoil; low avail- 
able water capacity; 
seasonal water table; 
alkalinity; salinity. 


Slow permeability; 
salinity. 


Moderately deep soil ___ 


Low available water 
capacity; salinity; 
seasonal water table. 


Moderate permeability ; 
salinity; seasonal 
water table;* topog- 
raphy in places. 


Moderate permeability; 
topography in places. 


Moderate permeability ; 
salinity; seasonal 
water table.’ 


Low available water 
capacity; rapid infil- 
tration; seasonal 
water table. 


Moderately slow perme- 
ability; salinity; sea- 
sonal water table;*. 
topography in places. 


Low available water 
capacity; rapid 
infiltration; topog- 
raphy in places. 


Erosion; percolation 
loss; drain stability; 
gravity-distributing 
water in places. 

Erosion; percolation 
loss; drain stability; 
waterlogging; 
gravity-distributing 
water in places. 


Waterlogging; salting; 
erosion; gravity- 
distributing water 
in places, 


Gravity-distributing 
water; waterlogging; 
salinity; erosion. 


Waterlogging; salting. 


Waterlogging; salting. 


Percolation loss; drain 
stability. 


Erosion; percolation 
loss; drain stability. 


Waterlogging; salting; 
erosion; gravity- 
distributing water 
in places, 


Waterlogging; gravity- 
distributing water; 
water erosion. 


Waterlogging; salting. 


Evosion; percolation 
loss; drain stability. 


Waterlogging; salting; 
erosion; gravity- 
distributing water 
in places, 


Erosion; percolation 
loss; drain stability; 
gravity-distributing 
water. 
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TABLE 8.—Engineering interpretations 
Suitability as a source of— 
Soil series and map symbols 
Road fill Sand and gravel Topsoil 
*Heimdal: 


HoA, HoB, HoC, HpA, HpB, HpC, HsA, HsB, HtC _-_ 
For Emrick part of HsA and Hs8 and for 
Emrick and Esmond parts of HtC, see 
those series. 
HrD, HrE, HtD, Hte 
For Embden part of HrD and Hr, see EsA in 
the Embden series. For Emrick and Esmond 
parts of HtD and Hte, see Emrick and 
Esmond series. 


Kensal: Ke, Kf 


*Kloten: KoE, KsE 
For Sioux and Edgeley parts of KsE, see SoE 
in the Sioux series and the Edgeley series. 


Kratka: Kt 


LaDelle: La 


Tallies: (06 2g ooh Se Se Sg ees 
DLamoure: be, Ua mecieeee eee ee eens 
*La Praivie: bn; bp a2es.2s 22a - one eee 


For Lamoure part of Lp, see Lamoure series. 


Larson: Lr 


emerts. “lks*  2oc2isewest abe eee eee ec 
TLetehert ty us 224253 oe eee ee ees 
Lohnes®, ‘ly LW oun heceecea toe see cceeStean 
ATyuddets Lyi LE eeeteeee ke eas 


For Lamoure part of Lz, see Lamoure series. 


Good to fair: low 
strength; shrink- 


swell. 
Good to fair: shrink- 
swell, 
GOO exasencateseoese se 
Poor: slope; shale 


bedrock; thin layer. 


Poor: wet —-----.------~ 

Fair: shrink-swell ~--- 

Poor: wet; shrink- 
swell. 

Poor: wet; shrink- 
swell. 

Fair: shrink-swell —~_.~ 

Fair: shrink-swell ~--- 


Fair to poor: wet —--- 


Fair: wet ---.-.----- 
Good --2-5 
Poor: wet; shrink- 


swell; too clayey. 


Unsuited 


Unsuited 


Poor: high shale 
content. 


Unsuited 


Unsuited 


Unsuited 


Unsuited 


Unsuited 


Unsuited 


Unsuited 


Unsuited 


Unsuited 


Fair: sand 


Unsuited 


Fair: thin layer 


Fair to poor: slope —__ 
Fair: thin layer ----_ 
Poor: thin layer ----_ 
Poor: wet ~--~----___ 
Fair: too clayey ~--._ 
Poor: Wet: 2-22.45 
Peer: Avet* cin escu es 
Good) 222 2ee see oe 
Poor: thin layer; 


excess salt. 


Poor: excess salt; 
wet. 
Fair: exeess salt ..___ 


Fair to poor: too 
sandy. 
Poor: wet; too clayey — 
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Pond reservoir 
areas 


Moderate permeability; 


slope. 


Slope; moderate 
permeability. 


Very rapid permeability 
in substratum. 


Slope; shale bedrock —__ 


Seasonal water table ___ 


Favorable ~-----_..--- 
Seasonal water table --_ 


Seasonal water table ~_- 


Moderate permeability — 


Seasonal water table --_ 


Seasonal water table; 
rapid permeability 
in substratum. 


Seasonal water table _-_ 


Rapid permeability —-.- 


Seasonal water table; 
floods. 


Dikes, levees, and 
other embankments 


Drainage for crops 
and pasture 


Irrigation 


Irrigation management 
concerns 


Low strength; 
susceptible to piping. 


Low strength; 
susceptible to piping. 


Medium strength; 
susceptible to piping. 


Shale bedrock 


Medium to low 
strength; hard to 
pack. 


Medium to low 
strength; medium 
compressibility. 


Low strength; hard 
to pack. 


Medium to low 
strength. 


Medium to low 
strength. 


Low strength; me- 
dium compressibility. 


Low strength 


Low strength 


Medium strength; 
susceptible to piping. 


Low strength; high 
compressibility ; 
hard to pack. 


Not needed 


Not needed 


Not needed 


Not needed 


Moderately slow perme- 
ability in substratum; 
poor outlets; seasonal 
water table, 

Not needed 


Slow permeability ; 
seasonal water table; 
salinity. 


Moderate permeability; 
seasonal water table; 
floods.’ 


Not needed 


Slow permeability; 
seasonal water table; 
excess salt. 


Seasonal water table; 
excess salt. 


Seasonal water table; 
excess salt. 


Not needed 


Seasonal water table; 
floods; poor outlets; 
slow permeability. 


Moderate permeability; 
salinity; topography 
in places. 

Topography 


Low available water 
capacity; moderately 
deep soil. 


Very low available 
water capacity; 
tonoeranny; shallow 
soil. 


Moderately slow perme- 
ability in substratum; 
seasonal water table; 
rapid infiltration. 


Moderate permeability — 


Slow permeability; 
seasonal water table; 
salinity; alkalinity. 


Moderate permeability; 
salinity; seasonal 
water table." 


Moderate permeability — 


Slow permeability in 
subsoil; alkalinity; 
salinity; seasonal 
water table; topog- 
raphy in places. 


Low available water 
capacity; slow perme- 
ability in subsoil; 
alkalinity; seasonal 
water table; salinity. 


Low available water 
capacity; slow perme- 
ability in subsoil; 
alkalinity; salinity; 
seasonal water table. 


Low available water 
capacity; rapid 
infiltration. 


Slow permeability ; 
salinity; seasonal 
water table; 
alkalinity in places. 


Waterlogging; salting; 
erosion; gravity- 
distributing water 
in places. 

Gravity-distributing 
water. 


Percolation loss; drain 
stability. 


Gravity-distributing 
water and water 
erosion; water- 
logging; salting. 


Waterlogging; erosion; 


percolation loss; drain 
stability. 


Waterlogging. 


Waterlogging; salting. 


Waterlogging; salting. 


Waterlogging. 


Waterlogging; salting; 
gravity-distributing 
water and water 
erosion in places. 


Waterlogging; salting; 
drain stability. 


Waterlogging; salting; 
drain stability. 


Erosion; percolation 
loss; dvain stability; 
gravity-distributing 
water. 


Waterlogging; salting. 
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TABLE 8.—Engineering interpretations 
Suitability as a source of— 
Soil series and map symbols 
Road fill Sand and gravel Topsoil 
Maddock: MaA, MaB, MaC, MbA, MbB, MbC, Good ____-------------- Poor: sand -----------. thi 
MdB, MdC, MeD, MfD, Bye EE Ee eer 
For Dickey part of MdB and MdC, Serden part 
of McD, and Serden and Hecla parts of MID, 
see those series. 
Made land: Mg. 
Too variable for interpretations to be made. 
Marsh: Mh. 
Too variable for interpretations to be made. 
*Marysland: Mm, Mn —.--------~-------------- Poor: wet ~----------- Unsuited --------._-_-- Poor: thin layer _--.. 
For Arveson part of Mn, see Arveson series, 
Minnewaukan: MwC ~----~-------------------- Poor: wet o----.--s4-4 Poor: sand ------~--~. Poor: thin layer; 
too sandy. 
*Miranda®: (Mx coool eco ato eee Fair: shrink-swell ~---} Unsuited ---.--.--.---_ Poor: thin layer; 
For Cavour part of Mx, see Cn in the Cavour excess salt. 
series. 
DN aa Fe ee Se | Poor: shrink-swell ----| Unsuited -------------- Fair: too clayey ----- 
Mapped only with Fargo soils. 
Osakis: 

Os (OP wee i ee oe eee ee ae Good —----------------- Poor to fair: sand Good ~-_--_-__-_-__ 

and gravel. 
Oil scree eee ee ree a ee ee CG06d ockrs se Poor: thin layer ------ Good ~._-_-_________ 
Overly (Ov 2222 ao ee Fair: shrink-swell ----| Unsuited -----------~--- Fair: too clayey ~--__ 
Patrell®: Pas deco se soe ee ed Poor: shrink-swell; Unsuited —-_-_-+---+--- Poor: wet; tooclayey — 
wet. 

Peat: Pe. 

Too variable for interpretations to be made. 

Perellai’ (Pe soccec ee cSte eee e cee cece esse cs Poor: shrink-swell; Unsuited -------------- Poor: wet —~------__.. 
wet. 

Rauville: Ra -2- 0.22 2 eens e+e Poor: wet —----------- Unsuited 222- esos Poor: wet —--..---.-- 

Renshaw: F : 

ReA,. Reb. Ri Re! aeec tenes oe ke eee Goodes32e-ca sete ose Fair: sand and Fair: thin layer —--.-- 
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Soil features affecting— 


Pond reservoir 
areas 


Dikes, levees, and 
other embankments 


Drainage for crops 
and pasture 


Irrigation 


Trrigation management 
concerns 


Rapid permeability; 
slope. 


Seasonal water table ___ 


Rapid permeability ---- 


Seasonal water table ___ 


Favorable 


Rapid permeability 


in substratum. 


Rapid permeability 
in upper part. 


Moderately slow 
permeability. 


Floods 


Seasonal water table; 
floods. 


Seasonal water table; 
floods. 


Very rapid perme- 
ability in substratum. 


Medium strength; 
susceptible to piping. 


Low strength __-.------ 


Medium strength; | 
susceptible to piping. 


Low strength; medium 
compressibility. 


Low strength; high 
compressibility ; 
hard to pack. 


Low strength; | | 
susceptible to piping. 


Low strength -_----~--- 


Medium to low 
strength; medium 
compressibility. 


Low strength; medium 
compressibility ; 
hard to pack. 


Low strength; medium 
compressibility ; 
hard to pack. 


Low strength; medium 
compressibility. 


Medium to high 
strength. 


Not needed ---------_-- 


Wet; seasonal water 
table. 


Wet; seasonal water 
table; poor outlets, 


Very slow permeability; 
excess salt. 


Not needed _-~.-------- 


Not needed ~.---------- 


Not needed ------~----- 


Not needed ~----------- 


Wet; floods; slow 
permeability; poor 
outlets. 


Wet; floods; moder- 
ately slow perme- 
ability; poor outlets. 


Wet; floods; slow 
permeability; poor 
outlets. 


Not needed 


Low available water 
capacity; rapid infil- 
tration; topography 
in places. 


Moderately deep soil; 
salinity; seasonal 
water table. 


Low available water 
capacity; rapid infil- 
tration; salinity in 
places; seasonal wa- 
ter table; topography. 


Low available water 
capacity; very slow 
permeability; alka- 
linity; salinity; 
seasonal water table. 

Slow permeability 


Low available water 
capacity; shallow 
soil; high infiltration 


rate. 

Low available water 
capacity; shallow 
soil; high infiltration 
rate; moderately slow 
permeability in sub- 
stratum. 


Moderately slow 
pecemeability. 


Slow permeability; 
seasonal water table; 
depressed positions. 


Moderately slow 
permeability; 
seasonal water table. 


Slow permeability in 
subsoil; salinity; 
seasonal water table. 


Low available water 
capacity; shallow 
soil; topography in 
places. 


Evosion; percolation 
loss; drain stability; 
gravity-distributing 
water, 


Percolation loss; drain 
stability. 


Erosion; percolation 
loss; drain stability; 
gravity-distributing 
water. 


Waterlogging; salting. 


Waterlogging; salting. 


Erosion; percolation 
loss; drain stability ; 
gravity-distributing 
water. 

Erosion; percolation 
loss; drain stability; 
gravity-distributing 
water. 


Waterlogging. 


Waterlogging. 


Waterlogging. 


Waterlogging. 


Percolation loss; drain 
stability; gravity- 
distributing water; 
water erosion, 


186 


SOIL SURVEY 


TABLE 8.—Engineering interpretations 


Soil series and map symbols 


Suitability as a source of— 


Road fill 


Renshaw—continued 
R 


*Ryan: Ry, Rz 
For Lamoure part of Rz, see Lamoure 
series. 


*Serden: Se 


Sioux 
SO Bite ee ei et 
GOES once eeuee edu cbe eek tees ee eee 
SpottSwood:: Sp; SF .j.2ceeci sete oe esse ee 
Stirumsn ‘S$* oles eee et te ho 
*Svea: St, SvA, Sv8, SwC, Sx ----.------_.. ------- 


For Barnes part of SvA, SvB, and SwC, see 
BaA in the Barnes series; for Buse part 
of SwC, see Buse series; and for Cresbard 
part of Sx, see Cresbard series. 


Svea variant: Su 


*“Swenoda: Sz 
For Embden part of Sz, see EsA in the 
Embden series. 


Tiffany: 


Tolna: Tn 


Totten: 
Ts, Th Tw 


Good to fair: thin 
layer; shrink-swell 
in lower part. 


Poor: wet; shrink- 


swell. 


Good where slopes are 
6 to 15 percent. 

Fair where slopes are 
more than 15 percent. 


Poor: wet —.---.. .2-. 
Fair: shrink-swell ---_ 
Fair: shrink-swell —--- 
Fair: shrink-swell —--_- 
Poor: wet —-~---______ 
Fair: wet -------.---_ 
Poor: wet ----------_- 
Poor: wet .--_--_-____ 


Sand and gravel Topsoil 

Poor: thin layer; Fair: thin layer ____ 
sand and gravel. 

Unsuited ------..-____ Poor: wet; excess 

salt. 

Fair to poor: sand —.--| Poor: too sandy —~_.___ 

Fair: sand and Poor: thin layer _____ 
gravel, 

Fair: sand and Poor: thin layer ~-___ 
gravel. 

Fair to poor: sand Fair: thin layer ._-. 
and gravel. 

Unsuited ~~-..-_-_______ Poor: excess salt; 

wet. 

Unsuited ---------_-_-. Good ~--.----------.-- 

Unsuited ----_-----_--- Good ______.-_-____--- 

Unsuited ~---.----_--- Good) 2afesgeesetlus 

Unsuited -.-------__-__ Poor: wet ----------. 

Poor: high shale GOO | Ss 
content. 

Unsuited ..occenssn2sus) Poor: wet ~~~. .---. 

Unsuited ~~~. -- Poor: wet; excess 


salt. 
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Soil features affecting— 


Pond reservoir 
areas 


Dikes, levees, and 
other embankments 


Drainage for crops 
and pasture 


Irrigation 


Irrigation management 
concerns 


Moderately rapid 
permeability in 
upper part. 


Seasonal water table; 
nearly level. 


Rapid permeability ~--- 


Very rapid perme- 
ability. 


Slope; very rapid 
permeability. 


Very rapid perme- 
ability in substratum. 


Moderately rapid per- 
meability in sub- 
stratum. 


Favorable 


Favorable 


Moderately slow 
permeability in 
substratum. 


Seasonal water table; 
moderately rapid 
permeability. 


Very rapid permeability 
in substratum. 


Floods; slow perme- 
ability. 


Seasonal water table; 
rapid permeability 
in substratum. 


Medium to low 
strength. 


Medium to low 
strength; hard to 
pack, 


Medium strength; 
susceptible to piping. 


Medium to high 
strength. 


Medium to high 
strength. 


Medium to high 
strength. 


Low strength; 
susceptible to piping. 


Low strength; medium 
compressibility. 


Low strength; medium 
compressibility. 
Low strength 


Medium strength; 
susceptible to piping. 


Low strength 


Low strength; high 
compressibility. 


Medium to low 
strength, 


Not needed 


Very slow perme- 
ability. 


Not needed 


Not needed 


Not needed 


Poor outlets 


Excess salt; seasonal 
water table; poor 
outlets. 


Not needed 


Not needed 


Not needed 


Seasonal water table; 
wet; poor outlets. 


Floods; poor outlets _-- 


Floods; poor outlets; 
slow permeability. 


Seasonal water table; 
excess salt. 


| Low available water 


capacity; shallow 
soil; moderately 
slow permeability 
in substratum. 


Low available water 
capacity; very slow 
permeability ; 
alkalinity; salinity; 
seasonal water table. 


Very low available 


water capacity; 
rapid infiltration ; 
topography. 


Very low available 
water capacity; 
very shallow soil; 
rapid infiltration. 

Topography 


Moderately deep soil —- 


Low available water 
capacity; seasonal 
water table; moder- 
ately slow perme- 
ability in subsoil; 
alkalinity; salinity. 


Moderately slow perme- 
ability in substratum; 
salinity; topography 
in places. 


Moderately slow perme- 
ability; salinity. 


Moderately slow perme- 
ability in substratum. 


Seasonal water table; 
low available water 
capacity. 


Low available water 
capacity; seasonal 
water table; moder- 
ately deep soil; 
depressed positions. 


Slow permeability ; 
depressed positions. 


Low available water 
capacity; seasonal 
water table; alka- 
linity; salinity. 


Percolation loss; drain 
stability; water- 
logging. 


Waterlogging; salting. 


Erosion; percolation 
loss; drain stability; 
gravity-distributing 
water, 


Erosion; percolation 
loss; drain stability ; 
gravity-distributing 
water, 

Gravity-distributing 
water. 


Percolation loss; drain 
stability. 


Waterlogging; salting; 
drain stability. 


Waterlogging; salting; 
gravity-distributing 
water; water erosion 
in places. 


Waterlogging; salting. 


Erosion; percolation 
loss; drain stability; 
waterlogging. 

Erosion; percolation 
loss; drain stability. 


Percolation loss; drain 
stability. 


Waterlogging. 


Salting; drain stability. 
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TABLE 8.—Engineering interpretations 
Suitability as a source of— 
Soil series and map symbols ~ i 7 
Road fill Sand and gravel Topsoil 
Totten—continued ; 
Ne ates eet te ae te ee es eee Poore Web entencesedes Unsuited ~----------_-- Poor: wet: excess 
salt 
*Towner: TwA, TwB, Tx ---.~----------+-------- Fair: shrink-swell ~-.-| Unsuited ~--.------_--_ GO08. cee ees 
For Dickey part of Tx, see Dickey series. 
Vall@re® Veo cee ee eee ee Poor? “Wetiwenso co ceeK Unsuitéd 2-2 oe Poor: wet _.___._____ 
Vang: Vn —W.-------------------------------- Good ~_---------------- Poor: high shale Fair: thin layer --~_- 
content. 
Venlot Vo sucececcecededsous oso eoee eee Poor; wet ------------ Unsuited: 2222.52 asec. Poor: wet ~~~ ----- 
Wahpeton: Wa ____------------ eee ee eee Poor: shrink-swell; Wnswited! 222.282.2252 Poor: too clayey —--- 
too clayey. 
Walsh: Wb8, WbC, WcA, WeB, WoC ------------ Fair: shrink-swell ~~--} Unsuited -------------_ Good ___._--- ee 
Walum: Wd, We —----~--------—----=--------- Good csesetten oe Poor: high shale Poor: thin layer —.-.. 
content. 
Warsing: , 
WE Wg cca edb eee cakes G00d oso oe Fair to poor: sand Fair: thin layer ___-- 
and gravel. 
Wnts eee ee eee ee Ce Good in upper 40 inches_| Unsuited ---.-.-----.-- Fair: thin layer ~~ 
Wyard) Wa saees--oscsee aes een eae ee Fair: wet .---------- Unsuited -_-_-----_----- Good ____________..___ 
ere: : 
bi aa eRe eT eee Fair: wet -----_._-- Unsuited _------------- Go0d! bans ee ek 
Wo sees ee ee aes Fair: wet ses-cesi2<<- Uwisuited .2-22-2-2-2282 Good _~---~-~-_-- 
*“Wyrene: 
We. Wt Ue wee ee a eee Fair: wet ----.-----.. Unsuited _.--.-.--_.-.- Fair: thin layer ~ --- 
For Totten part of Wt, see Ts in the Totten 
series. 
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Soil features affecting— 


Pond reservoir 
areas 


Dikes, levees, and 
other embankments 


Drainage for crops 
and pasture 


Irrigation 


Irrigation management 
concerns 


Low to medium 
compressibility. 


Seasonal water table -__ 


Medium to low 
strength; fair to 
good compaction 
characteristics. 


Moderately slow 
permeability in 
substratum. 


Low strength; medium 
compressibility. 


Seasonal water table; 
moderately slow 
permeability. 


Low to medium 


Very rapid permeability 
compressibility. 


in substratum. 


Medium strength; 
low to medium 
compressibility. 


Seasonal water table; 
rapid permeability. 


Floods; moderate Low strength; high 


permeability. compressibility; 
hard to pack. 
Slope -...----------_-- Low strength; medium 


compressibility. 


Medium to high 


Very rapid permeability 
strength; low to me- 


in substratum. 


Medium strength; 
low to medium 
compressibility. 
Medium to low 
strength; low to me- 


Very rapid permeability 
in substratum. 


Moderately rapid 
permeability in 
upper part. 


Floods -.---___-------- Low strength; medium 


compressibility. 


Medium strength; 
low to medium 
compressibility. 


Moderately rapid 
permeability ; 
seasonal water table. 


Medium to low 


Moderately rapid 
strength. 


permeability in 
upper part. 


Medium strength; 
low to medium 
compressibility. 


Rapid permeability 
in substratum. 


dium compressibility. 


dium compressibility. 


Seasonal water table; 
excess salt. 


Not needed _----------- 


Wet; seasonal water 
table; poor outlets; 
moderately slow 
permeability. 


Not needed -----------~ 


Wet; seasonal water 


table; poor outlets. 


Not needed _-.--------- 


Not needed __.--_---~-- 


Not needed .----------- 


Not needed ~----------- 


Not needed -_------~--- 


Pingde conned enns 


Seasonal water table _-- 


Seasonal water table ___ 


Seasonal water table ___ 


Low available water 
capacity; seasonal 
water table; alka- 
linity; salinity; 
moderately slow 
permeability in 
substratum. 


Moderately slow perme- 
ability in substratum; 
rapid infiltration; 
topography in places. 


Moderately slow perme- 
ability; salinity; 
seasonal water table. 


Moderately deep soil _-- 


Low available water 
eapacity; rapid 
infiltration; seasonal 
water table. 


Moderate permeability__ 


Moderate permeability; 
topography in places. 


Low available water 
capacity; moderately 
deep soil; high 
infiltration rate. 


Low available water 
capacity; shallow 


soil, 

Low available water 
capacity; shallow 
soil; moderately slow 
permeability in 
substratum. 


Moderate permeability ; 
seasonal water table; 
depressed positions. 


Salinity; seasonal 
water table. 


Seasonal water table; 
moderately slow 
permeability in 
substratum. 


Low available water 
capacity; high infil- 
tration rate; salinity; 
seasonal water table. 


Waterlogging; salting; 
drain stability. 


Erosion; percolation 
loss; drain stability; 
gravity-distributing 
water, 


Waterlogging; salting. 


Percolation loss; drain 
stability. 


Erosion; percolation 
loss; drain stability. 


Waterlogging; salting. 


Waterlogging; salting; 
gravity-distributing 
water; water erosion. 


Erosion; percolation 
loss; drain stability. 


Percolation loss; drain 
stability. 


Percolation loss; drain 


stability; water- 
logging. 


Waterlogging. 

Erosion; percolation 
loss; drain stability. 

Erosion; percolation 


loss; drain stability. 


Erosion; percolation 
loss; drain stability. 
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TABLE 8.—E'ngineering interpretations 
Suitability as a source of— 
Soil series and map symbols 
Road fill Sand and eravel Topsoil 
Wyrene—continued 
NO a a ee a ee Fair: wet ---.-------- Unsuited -------------- Fair: thin layer -----~ 
ell ese ete Seah ee Ae eet ee etek Fair: slope ----.~--- Unsuited ~----.-------- Poor: thin layer -.---- 
Mapped only with Buse and Sioux soils. 


1 Some phases of this series have a moderate to severe limitation because of salinity. 


in a soil are among factors that are unfavorable. 

Drainage for crops and pasture is affected by such 
soil properties as permeability, texture, and structure; 
depth to claypan, rock, or other layers that influence 
rate of water movement; depth to the water table; 
slope and stability in ditchbanks; susceptibility to 
stream overflow; salinity or alkalinity; and availability 
of outlets for drainage. 

Irrigation of a soil is affected by such features as 
slope; susceptibility to stream overflow, water erosion, 
or soil blowing; soil texture; content of stones; ac- 
cumulations of salts and alkali; depth of root zone; rate 
of water intake at the surface; permeability of soil 
layers below the surface layer or other layers that 
restrict movement of water; amount of water held 
available to plants; and need for drainage or depth to 
water table or bedrock. 


EXPLANATION OF KEY PHRASES 


Some of the soil characteristics in tables 7 and 8 
are expressed in computer-adapted terms that differ 
from those used in the Soil Survey Manual (8). Fol- 
lowing are definitions of the computer-adapted terms 
used to describe soil characteristics in these tables. 


Slopes short and irregular. 

Walls of cuts not stable. 

Soluble salts restrict plant growth. 

Features of soil favorable. 

Soil floods by stream overflow, runoff, or 
high tides. 

Difficult to compact. 

Rock fragments 10 inches or more across. 

Not enough strength to adequately sup- 
port the load. 

Practice not applicable. 

Water moves through soil too fast. 

Difficult or expensive to install outlets 
for drainage. 

Soil expands significantly on wetting and 
shrinks on drying. 

Slope is too great. 

Inadequate thickness of suitable soil. 

Soil slippery and sticky when wet and 
slow to dry. 


Complex slope 
Cutbanks cave 
Excess salt 
Favorable 
Floods 


Hard to pack 
Large stones 
Low strength 


Not needed 
Percs rapidly 
Poor outlets 


Shrink-swell 
Slope 


Thin layer 
Too clayey 


Too sandy Soil soft and loose; droughty and low in 
fertility. 
Wet Soil wet during period of use. 


Soil test data 


Table 9 contains engineering test data for some of 
the major soil series in this survey area. These tests 
were made to help evaluate the soils for engineering 
purposes. The engineering classifications given are 
based on data obtained by mechanical analyses and 
by tests to determine liquid limits and plastic limits. 
The mechanical analyses were made by combined sieve 
and hydrometer methods. 

Compaction (or moisture-density) data are impor- 
tant in earthwork. If a soil material is compacted at 
successively higher moisture content, assuming that 
the compactive effort remains constant, the density of 
the compacted material increases until the optimum 
moisture content is reached. After that, density de- 
creases with increase in moisture content. The highest 
dry density obtained in the compactive test is termed 
maximum dry density. 

Tests to determine liquid limit and plastic limit mea- 
sure the effect of water on the consistence of soil 
material, as explained for table 6. 


Formation and Classification 


of the Soils 


This section consists of two main parts. The first 
part tells how the factors of soil formation have af- 
fected the development of soils in Eddy, Benson, and 
Nelson Counties; the second explains the system of soil 
classification currently used and places each soil series 
in the classes of that system. 


Factors of Soil Formation 


Soil is produced by soil-forming processes acting on 
materials deposited or accumulated by geologic agen- 
cies. The characteristics of the soil at any given point 
are determined by the physical and mineralogical com- 
position of the parent material, the climate under 
which the soil material has accumulated and existed 
since accumulation, the plant and animal life on and 
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Soil features affecting— 


Pond reservoir 
areas 


Dikes, levees, and 
other embankments 


Drainage for crops 
and pasture 


Irrigation management 
concerns 


Irrigation 


Medium to low 


Rapid permeability 
i strength. 


in upper part. 


Low strength; hard Not needed 
to pack; medium 
compressibility; 


piping hazard. 


Seasonal water table ___ 


Seasonal water table; Evosion; drain stability. 
moderately slow 
permeability in 


substratum. 


Gravity-distributing 
water; water erosion, 


Topography ~---------~- 


in the soil, the relief, or lay of the land, and the length 
of time the forces of soil formation have acted on the 
soil material. 

Climate and plant and animal life, chiefly plants, are 
active factors of soil formation. They act on the parent 
material that has accumulated through the weather- 
ing of rocks and slowly change it to a natural body 
that has genetically related horizons. The effects of 
climate and plant and animal life are conditioned by 
relief. The parent material also affects the kind of soil 
profile that is formed and, in extreme cases, deter- 
mines it almost entirely. Finally, time is needed for 
changing the parent material into a soil profile. It may 
be much or little, but some time is always required 
for differentiation of soil horizons. Usually, a long 
time is required for the development of distinct hori- 
zons. 

The factors of soil formation are so closely inter- 
related in their effects on the soil that few generaliza- 
tions can be made regarding the effect of any one 
factor unless conditions are specified for the other four. 
Many of the processes of soil development are unknown. 


Parent material 


Most of the soils in this survey area formed in gla- 
cial material derived from preglacial granite, gneiss, 
sandstone, shale, limestone, and basalt. The glacier 
picked up these materials, ground and mixed them as 
it transported them across country, and then deposited 
them as it melted. Some deposits consist of unsorted 
material, or glacial till; others consist of material 
sorted either by water when it was being deposited 
or by wind and water afterward. Some soils along the 
Sheyenne River Valley formed in weathered Pierre 
shale, and other soils formed in thin layers of glacial 
till or local colluvium overlying the shale at depths of 
less than five feet. 

The calcareous till in the survey area is mainly of a 
type that contains 18 percent clay or less and much 
fine sand and silt. Pockets of fine sand, silt, and pebbles 
or stones are common. The Heimdal, Emrick, Esmond, 
Fram, Cathay, and Larson series formed in this type 
of glacial till, The Barnes, Svea, Buse, Hamerly, Cres- 


bard, and Cavour series formed in glacial till that con- 
tains 20 to 30 percent clay. The total thickness of the 
till ranges from 20 to 200 feet thick over preglacial 
sediments, except where glacial meltwater has washed 
away all but a trace of till, especially along the Shey- 
enne Valley. 

The outwash areas are of two types—pitted and 
dissected topography that is similar to glacial moraines 
and plains that are smooth and nearly level. The out- 
wash consists of gravel or coarse and medium sand 
that has content of shale that ranges from nearly zero 
to 75 percent by volume. The soils in these areas formed 
in medium textured and moderately coarse textured 
sediments overlying gravel and sand. These sediments 
are 14 to 26 inches thick in most areas, but they range 
from 4 inches thick on slope crests to 40 inches thick 
on foot slopes and in swales. The Renshaw, Arvilla, 
Divide, Brantford, Sioux, Coe, Kensal, Walum, War- 
sing, Osakis, Marysland, and Totten soils are the main 
soils in these areas. Some areas of the outwash are less 
than 5 feet thick. 

Many soils formed in medium and fine sands that 
have been sorted by glacial meltwater and reworked 
by wind. These deposits range in depth from about 2 
to 20 feet. In some areas the soils formed mainly in 
coarse sands, and some areas are underlain by glacial 
till at a depth of 15 to 40 inches. These soils are mod- 
erately coarse textured and coarse textured and are 
underlain by sands at a depth of less than 1 foot to 
more than 5 feet. The soils in these areas are in the 
Embden, Egeland, Hecla, Maddock, Lohnes, Claire, 
Towner, Dickey, Wyndmere, Hamar, Tiffany, Fossum, 
Borup, Stirum, and Letcher series. 

The soils of the Sheyenne and James River Valleys 
formed in colluvium derived from glacial till and Pi- 
erre shale of the higher slopes and from alluvium. 
These deposits are medium to fine in texture. The soils 
are in the La Prairie, Lamoure, LaDelle, Ludden, Ryan, 
and Walsh series. 

Some minor soil areas are those in which the soils 
formed in recent lake or beach sediments, ranging 
from sands to silty clay. These soils are in the Minne- 
waukan and Lallie series. Other minor soil areas are 
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TABLE 9.—E'ngineering 


[Tests performed by North Dakota State University in cooperation with the North Dakota State Highway Department and the 
State Highway and Transportation 


Moisture-density 7 
Tiny 

. Dakota | Depth 

Soil name and location Parent material scs from 
report No, | Surface er Optimum 
den Seg moisture 

Inches Lb per cu ft Percent 
Barnes loam: 

150 feet west and 150 feet north of the SE corner of | Glacial till. 49 0-6 94.5 235 
NE% sec, 26, T. 149 N., R. 62 W.; 8 miles north and 50 8-16 103.6 18.5 
2 miles east of McHenry. (Modal) 51 23-60 105.0 18.5 

Borrow pit, north end; 1,940 feet south of intersection | Glacial till. 55 0-7 92.5 22.0 
(not section line) and 400 feet east; 1,750 feet south 56 7-16 116.0 14.0 
and 680 feet east of NW corner of sec. 27, T. 150 N., R. 57 31-60 107.0 18.4 
66 W.; 6 miles north and 1 mile east of New Rockford. 

(Coarse-textured subsoil) 
Brantford loam: 

80 feet north and 1,350 feet west of SE corner of sec. 28, Shaly outwash 1 0-6 97.0 19.5 
T. 150 N., R. 65 W.; 6 miles north and 7 miles east of sand and gravel. 2 6-11 107.0 17.5 
New Rockford. (Modal) 3 13-60 107.0 17.8 

500 feet south and 125 feet east of NW corner of NE% | Shaly outwash 4 0-6 104.0 17.7 
sec. 25, T. 150 N., R. 65 W.; 7.5 miles north and 9.5 sand and gravel, 5 6-13 109.0 15.0 
miles east of New Rockford. (Shaly sand substratum) 6 20-60 100.0 20.5 

320 feet north and 210 feet west of SE corner of NE% | Shaly outwash 10 0-6 106.0 17.5 
sec. 7, T. 149 N., R. 64 W.; 11 miles east and 4 miles sand and gravel. 11 6-10 112.0 14.0 
north of New Rockford. (Shallow) 12 10-60 108.0 16.8 

Claire loamy coarse sand: 

285 feet north and 250 feet east of SW corner of sec. | Glacial meltwater 46 0-7 112.0 14.0 
10, T. 150 N., R. 68 W.; 2% miles south of Warwick. deposits. 47 11-18 114.5 10.5 
(Modal) 48 18-58 108.0 14.4 

Fram loam: 

150 feet south and 162 feet east of NW corner of SW% | Glacial till. 25 0-6 106.5 17.0 
sec, 82, T. 148 N., R. 67 W.; 6 miles south and 6 miles 26 10-22 119.0 13.0 
west of New Rockford. (Modal) 27 22-60 120.0 12.0 

Hamerly loam: 

132 feet north of Traill and 550 feet west of SE corner | Glacial till. 92 0-7 102.0 19.0 
of NE sec. 33, T. 150 N., R. 67 W.; 6 miles north and 93 720 111.6 16.4 
5 miles west of New Rockford. (Modal) 24 36-60 | 120.0 12.5 

168 feet north and 852 feet east of SW corner of sec. 36, | Glacial till. 28 0-5 109.0 16.0 
T, 148 N., R. 66 W.; 6% miles south and 4 miles east 29 13-30 119.5 12.0 
of New Rockford. (Thinner surface) 30 30-60 122.2 abs 6: 

Heimdal loam: 

430 feet west and 276 feet north of SE corner of SW% | Glacial till. 52 0-7 97.0 21.0 
sec. 17, T. 150 N., R. 67 W.; 1% miles south and 6% 53 10-18 106.0 16.0 
miles west of Sheyenne. (Modal) 54 20-60 116.0 14.0 

LaDelle silty clay loam: : 

30 feet NW of approach 105 feet north of road and 465 | Local alluvium, 84 0-7 79.0 33.9 
feet SW of bridge on Sheyenne River sec. 2, T. 150 35 21-30 89.0 26.4 
N., R. 65 W.; 8% miles east of Sheyenne. (Modal) 386 85-60 89.0 27.6 

La Prairie silt loam: 

2,350 feet north and 60 feet west of the SE corner of | Local alluvium. 387 0-10 81.2 31.5 
NE% sec. 23, T. 150 N., R. 638 W.; and 3 miles south | 88 21-382 85.7 30.0 
of Hamar. (Modal) 39 32-60 93.9 24,0 

Lohnes loamy sand: 

100 feet north and 150 feet east of the center of sec. 8, | Glacial meltwater 43 0-5 117.0 12.4 

T. 150 N., R. 66 W.; % mile west of Sheyenne. (Modal) deposits. 44 17-22 122.8 10.7 
45 22-52 108.5 14.0 


test data 


U.S. Department of Commerce, Bureau of Public Roads, in accordance with standard procedures of the American Association of 
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Officials (AASHTO) (1)] 
Mechanical analysis? Classification 
Percentage passing sieve— Percentage smaller than— Liquid Plas- 
limit | Heity 
No. 4 No. 10 | No. 40 | No. 200 hace AASHTO: Unified 
0. Ox 0. 0. 2 ‘ s Tnified * 
ie ar || em | ode ore he ae Oe 
mm) mm) mm) mm) arn me au anim 
Percent 
5904 93 92 85 59 48 32 19 18 40 12 | A-6 ML 
100 98 96 89 71: 60 44 85 29 46 24 | A~7-6(14) cL 
| 100 92 87 76 55 47 31 19 12 34 10 | A-4(4) CL-ML 
100 98 96 89 55 37 17 8 6 NP NP | A-4(4) ML 
100 93 88 80 41 32 19 | 13 11 NP NP | A-4(1) SM 
100 100 98 97 90 78 56 | 28 19 36 15 | A-6(10) cL 
100 100 98 81 58 48 30 13 8 42 | 12 | A~7-5(6) CL-ML 
100 99 97 80 59 50 31 20 15 34 12 | A-6(6) CL-ML 
596 80 63 29 18 11 8 5 4 NP NP | A-1-b(0) SM 
100 100 100 85 45 39 25 15 10 30 6 | A-4(2) ML-CL 
100 100 100 88 52 44 31 19 16 29 12 ; A-6(4) cL 
100 95 90 59 25 21 15 12 10 NP NP | A-2-4(0) SM 
100 99 97 17 35 29 19 11 8 33 5 | A-2-4(0) SM 
100 100 97 82 38 32 22 14 12 28 8 |} A-4(1) SM-SC 
100 86 17 40 13 9 6 4 3 NP NP | A-1-b(0) SM 
100 100 100 TT 20 18 12 fé 5 NP NP | A-2-4(0) SM 
100 100 100 79 13 12 9 7 4 NP NP | A-2-4(0) SM 
100 100 98 76 6 5 4 38 3 NP NP | A-3(0) SW-SM 
100 99 98 94 TL 48 22 14 11 84 11 | A-6(8) CL-ML 
100 97 95 90 69 60 41 28 22 26 8 | A-4(7) CL 
100 98 96 92 70 57 33 21 16 23 7 | A-4(7) CL-ML 
100 98 96 91 75 54 28 20 14 39 9 | A-4(8) ML 
100 94 91 86 72 63 44 35 28 82 12 | A-6(8) CL 
100 95 93 85 58 50 35 26 20 31 18 | A-6(6) cL 
100 98 97 90 63 53 36 24 18 34 6 | A-4(6) ML 
597 95 93 87 61 55 43 380 25 29 12 | A-6(6) CL 
100 99 97 89 60 53 39 25 19 26 6 | A-4(5) CL-ML 
100 100 99 95 79 59 82 23 19 389 11 -6(8) ML 
100 100 99 97 86 64 33 22 17 35 15 | A-6(10) CL 
100 95 91 19 50 43 32 21 14 29 10 | A~4(8)} Sc 
100 100 100 98 88 78 60 39 29 67 25 | A-7-5 (18) MH 
100 100 100 100 98 92 80 52 41 57 24 | A-7-85(17) MH 
100 160 100 100 94 87 13 49 38 57 28 | A-7-6(19) CH 
100 100 100 97 84 70 47 30 23 63 24 | A-7-5(18) MH 
100 100 100 98 88 718 56 41 31 58 24 | A-7-5(17) MH 
100 100 100 98 86 74 50 85 28 52 28 | A-7-6(18) CH 
100 100 99 76 23 19 12 8 8 NP NP | A-2-4(0) SM 
100 99 97 15 21 19 14 9 8 NP NP | A-2-4 (0) SM 
100 98 94 65 7 7 6 5 4 NP NP | A-8(0) SW-SM 
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Soil name and location 
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Maddock loamy sand: 
114 feet north and 624 feet west of SE corner of sec. 31, 
T. 148 N., R. 638 W.; 1 mile south and 9 miles east of 
Brantford. (Modal) 


Miranda silt loam: 
80 feet north and 135 feet east of SW corner of sec, 23, T. 
148 N., R. 67 W.; 4% miles south and 2 miles west of 
New Rockford. {Modal) 


Renshaw loam: 
210 feet west and 1,100 feet north of the SE corner of 
sec. 26, T. 150 N., R. 66 W.; 6% miles north and 3 
miles east of New Rockford. (Modal) 


150 feet north and 780 feet east of the S% corner of 
sec. 25, T. 149 N., R. 66 W.; (north of third pole with 
stub post); 3% miles east of New Rockford on High- 
way 15. (Gravel substratum) 


West of the NE corner to the cemetery vault, 105 feet 
south of road, sec. 29, T. 149 N., R. 66 W.; 1% miles 
north of New Rockford, and 4 mile west of Highway 
281. (Sand substratum) 


Ryan silt loam: 
240 feet north of Sheyenne River, 135 feet east of road 
on the west side of sec. 8, T. 150 N., R. 67 W.; 7 miles 
west and % mile south of Sheyenne, (Modal) 


Totten loam: 
1,320 feet east and 53 feet north of SW corner of sec. 29, 
T. 150 N., R. 65 W.; 20 feet west of railroad tie in 


TABLE 9.—Engineering 


Moisture-density * 
North 
Depth 
Parent material Bake from ; 
report No. surface ae Optimum 
dence moisture 
Inches Lb per eu ft Percent 

Glacial meltwater 40 0-5 114.5 12.3 
deposits. 41 11-21 17.5 10.0 | 

42 21-60 12.7 138.0 

Glacial till. 61 2-8 102.0 18.5 

62 8-30 117.0 13.0 

63 80-60 112.0 15.0 

Outwash sand and 19 0-5 106.0 17.5 

gravel. 20 8-14 117.0 12.0 

21 18-60 181.0 9.0 

Outwash sand and 13 0-5 108.4 16.0 

gravel, 14 5-11 113.8 14.7 

15 22-60 141.0 7.0 

Outwash sand and 16 0-6 100.6 20.8 

gravel. 17 6-13 122.0 11.0 

18 22-60 119.5 11.0 

Local alluvium. 58 0-3 86.6 27,0 

59 3-7 90.4 26.0 

60 23-60 102.0 19.2 

Stratified sand and ue 0-8 84.5 28.5 

gravel, glacial 8 8-20 1138.0 14.6 

outwash, 9 82-48 118.8 11.0 


fence; 64% miles north and 5 miles east of New Rock- 
ford. (Modal) 


1Based on AASHTO designation T 99-57, Methods A and C (1). 

2 Analysis according to AASHTO Designation T 88 (1). Results by this procedure frequently differ somewhat from results 
obtained by the soil survey procedure of the Soil Conservation Service (SCS). In the AASHTO procedure, the fine material is 
analyzed by the hydrometer method, and the various grain-size fractions are calculated on the basis of all the material, includ- 
ing that coarser than 2 millimeters in diameter. In the SCS soil survey procedure, the fine material is analyzed by the pipette 
method, and the material coarser than 2 millimeters in diameter is excluded from calculations of grain-size fractions. The me- 
chanical analysis data used in this table are not suitable for use in naming textural classes of soil. 


old abandoned glacial outwash channels in which the 
soils formed in medium textured and moderately fine 
textured sediments. These soils are in the Colvin and 
Borup series. 


Climate 


This survey area has a cool, dry-subhumid, continen- 
tal climate characterized by long cold winters and a 
short growing season, during which the distribution 
of rainfall is erratic. The climate does not vary much 
from place to place in the survey area and probably 
has not changed much during the period of soil forma- 
tion. It has not been too severe for the growth of 
prairie vegetation. 

Temperature and moisture affect the growth of 
plants, the activity of micro-organisms, and the speed 


of chemical reactions, particularly during the erowing 
season. Rainfall has not been sufficient for the deep 
leaching of the soils, nor has it caused more than a 
minor amount of erosion, Freezing and thawing help 
to disintegrate parts of the glacial debris, and frost 
heaving helps mix soil materials, thus affecting soil 
structure. The cool temperatures slow the decay of 
plant and animal materials, thus promoting the ac- 
cumulation of organic matter. This process is respon- 
sible for the large amount of organic matter in Svea, 
Emrick, and Hecla soils. In these ways, climate has 
had an effect on soil formation in this area. 


Plant and animal life 


Soil formation started in this survey area when 
plants began to grow in the unconsolidated materials 
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Mechanical analysis? Classification 
Percentage passing sieve— Percentage smaller than— Liquid Plas- 
limit | Heity 
index : ; 
win | at | Naa? | isa? [YgaMh] os | 000 | cone | aoe mee 
mm) mm) mm) mm) mm mm mm mm 
Percent 
100 100 95 64 22 19 12 8 6 NP NP | A-2-4(0) SM 
100 100 99 75 19 17 14 10 8 NP NP { A-2-4(0) SM 
100 97 95 48 11 9 6 6 4 NP NP | A~-1-b(0) SW-SM 
100 97 95 87 69 56 86 28 23 | 45 23 | A~7-6(18) cL 
100 99 97 79 59 56 45 37 34 43 29 | A~7-6(15) CL 
100 98 96 91 67 65 59 45 40 47 29 | A-7-6(15) CL 
100 99 97 81 53 43 26 15 10 33 12 | A-6(4) CL 
100 93 81 65 43 35 21 14 12 81 18 | A-6(2) Sc 
5 99 72 54 20 6 5 4 3 2 NP NP | A-I-b(0) SW-SM 
100 99 97 75 50 39 24 14 12 36 11 | A-6(3) SC 
100 100 99 79 58 45 27 19 15 85 8 | A-4(8) ML 
764 41 38 17 3 3 2 2 1 NP NP | A-l-a(0) GP 
100 98 95 68 40 30 15 9 6 39 3 | A-4(1) SM 
100 98 93 63 33 27 17 It 8 27 5 | A-2-4(0) SM-SC 
100 93 82 82 4 3 3 3 2 NP NP | A-i-b(0) SP 
100 100 100 99 89 70 38 23 16 50 14 7~5 (12) MH 
100 100 100 98 95 78 53 35 29 66 86 | A-7-5(20) CH 
100 100 100 100 98 91 79 76 73 58 85 | A-7-6(20) CH 
100 100 99 84 56 37 16 11 9 63 9 | A-5(6) MH 
100 99 98 77 47 36 23 18 15 84 12 | A-6(3) sc 
100 99 96 62 18 18 8 7 6 NP NP | A~2-4(0) SM 
2 Based on AASHTO Designation M 145-49 (1). 
4 Soil Conservation Service and Bureau of Public Roads have agreed to consider that all soils having plasticity indexes within 
two points of A-line are to be given a borderline classification. An example of a borderline classification so obtained is CL-ML. 


*100 percent passed the 1-inch sieve. 
°* NP means nonplastic. 
7100 percent passed the 2-inch sieve. 


deposited by the glacier. Well-drained soils formed 
under dominantly cool-season, drought-resistant 
grasses. Tall, warm-season grasses grow where the 
soils receive extra moisture. 

Plant roots loosen the soil material and bring min- 
erals from the parent material upward toward the 
surface. As the plants die and decay, they contribute 
organic matter, which bacteria and other micro- 
organisms help to decompose. Thus, nutrients leached 
out of the surface layer are replaced, and a good supply 
is maintained for the growth of other plants. 

The activity of animals seems to be of less impor- 
tance to soil formation in this survey area than the 
growth of plants. Earthworms and burrowing animals 
help to mix the soi] materials from various horizons 
and bring some fresh parent material to the surface 


layer. Man’s activities, particularly in altering drain- 
age conditions, maintaining fertility, and changing the 
kinds of vegetation, will have an important effect on 
the rate and direction of soil formation in the future. 


Relief 


Relief influences the formation of soils through its 
effect on runoff and drainage. If other soil-forming 
factors are equal, relief largely determines the degree 
of profile development, mainly because it controls the 
amount of moisture in the soil, Because of excessive 
drainage, the more sloping and coarser textured soils 
have only a little water in them and the vegetation 
is sparse; consequently, profile development is slow. 
Among the soils affected in this way are Buse and 
Sioux soils. In areas of poorly drained soils, such as 
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Parnell and Ludden soils, excessive water disturbs the 
process of soil formation. 
Time 

Time is necessary for the factors of soil formation 
to act on parent material. Generally, length of time 
determines whether the soil has reached an equilibrium 
with its environment, 

The degree of profile development in most of the 
soils in the survey area has been affected more by 
differences in the other soil-forming factors than by 
differences in the length of time, because, except for 
the Lamoure, La Prairie, Lallie, Minnewaukan, and 
LaDelle soils, the length of time has been about the 
same. In terms of geologic time, the soils are young 
because they formed from materials deposited in late 
Pleistocene time, which ended about 11,000 years ago. 


Classification of Soils 


Soils are classified so that we can more easily re- 
member their significant characteristics. Classifica- 
tion enables us to assemble knowledge about the soils, 
to see their relationship to one another and to the 
whole environment, and to develop principles that help 
us to understand their behavior and their response to 
manipulation. First through classification, and then 
through use of the soil maps, we can apply our know- 
ledge of soils to specific fields and other tracts of land. 

The narrow categories of classification, such as those 
used in detailed soil surveys, allow us to organize and 
apply knowledge about soils in managing farms, fields, 
and woodlands; in developing rural areas; in engineer- 
ing work; and in many other ways. Soils are placed 
in broad classes to facilitate study and comparison in 
large areas such as countries and continents. 

The system of soil classification currently used was 
adopted by the National Cooperative Soil Survey in 
1965 (7, 9). Because this system is under continual 
study, readers interested in developments of the cur- 
rent system should search the latest literature avail- 
able (5). 

The current system of classification has six cate- 
gories. Beginning with the broadest, these categories 
are order, suborder, great group, subgroup, family, and 
series, In this system the criteria used as a basis for 
classification are soil properties that are observable 
and measurable. The properties are chosen, however, 
so that the soils of similar genesis, or mode of origin, 
are grouped. The same property or subdivisions of this 
property may be used in several different categories. 
Tn table 10, the soil series of the survey area are placed 
in categories of the current system. Classes of the cur- 
rent system are briefly defined in the following para- 
graphs. 

ORDER. Ten soil orders are recognized. The pro- 
perties used to differentiate among soil orders are 
those that tend to give broad climatic groupings of soils. 
Three exceptions to this are the Entisols, Histosols, 
and Vertisols which occur in many different climates. 
Each order is named with a word of three or four 
syllables ending in sof (Moll-i-sol). 

SusorDER. Each order is subdivided into suborders 
using those soil characteristics that seem to produce 
classes with the greatest genetic similarity. The sub- 
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orders are more narrowly defined than are the orders. 
The soil properties used to separate suborders are 
mainly those that reflect either the presence or ab- 
sence of a water table at a shallow depth, soil climate, 
the accumulation of clay, iron, or organie carbon in 
the upper solum, cracking of soils caused by a decrease 
in soil moisture, and fine stratification. The names of 
suborders have two syllables. The last syllable indicates 
the order. An example is Aquoll (Aqu, meaning water 
or wet, and oll, from Mollisol). 

GREAT GROUP. Soil suborders are separated into 
great groups on the basis of uniformity in the kinds 
and sequence of soil horizons and features, The hori- 
zons used to make separations are those in which clay, 
carbonates, and other constituents have accumulated 
or have been removed; and those that have pans that 
interfere with growth of roots, movement of water, 
or both. Some features used are soil acidity, soil cli- 
mate, soil compaction, and soil color. The names of 
great groups have three or four syllables and are made 
by adding a prefix to the name of the suborder. An 
example is Haplaquoll (Hapl, meaning simple horizons, 
aqu, for wetness or water, and oll, from Renae 

SUBGROUP. Great groups are subdivided into sub- 
groups, one representing the central (typic) segment 
of the group, and others called intergrades that have 
properties of the group and also one or more properties 
of another great group, suborder, or order. Other sub- 
groups may have soil properties unlike those of any 
other great group, suborder, or order. The names of 
subgroups are derived by placing one or more adjec- 
tives before the name of the great group. An example 
is Typic Haplaquolls (a typical Haplaquoll). 

FAMILY. Soil families are separated within a sub- 
group primarily on the basis of properties important 
to the growth of plants or to the behavior of soils 
when used for engineering. Among the properties con- 
sidered are texture, mineralogy, reaction, soil tempera- 
ture, permeability, soil depth, and consistence. A family 
name consists of a series of adjectives preceding the 
subgroup name. The adjectives are the class names 
for texture, mineralogy, and so on, that are used as 
family differentiae (see table 10). An example is the 
oo one mixed, frigid family of Typic Hapla- 
quolls, 


Environmental Factors Affecting 
Soil Use 


The first settlers came to the area that is now Eddy 
County in 1882. They raised livestock and produced 
grain. The population increased rapidly, particularly 
between 1890 and 1900, reached a peak in 1930, and 
gradually declined after 1930. For Eddy County, it was 
6,341 in 1980 and 4,103 in 1970. For the parts of Ben- 
son and Nelson Counties in this survey area, population 
figures are not available. 

The number of farms and ranches in Eddy County 
is about 445. The number for those in the parts of the 
survey area that are in Benson and Nelson Counties 
is not available. 

Supplying transportation in this survey area are 
railroads, one U.S. Highway, three State Highways, 
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Series Family Subgroup Order 
Aberdeen * _-_.___---_ Fine, montmorillonitic ---__-_--_-------------------- Glossic Udie Natriborolls —-.-___ Mollisols. 
Arveson —__~ --| Coarse-loamy, frigid ___ Typic Calciaquolls _-------.-__. Mollisols. 
Arvilla —_ --| Sandy, mixed _-------_-- Udic Haploborolls _--------.---- Mollisols. 
Barnes ~--.---_.---_. Fine-loamy, mixed ~-----__----_---------------~---- Udic Haploborolls ___.-----..-__ Mollisols. 
Bearden? ~~---___--__ Fine-silty, frigid «22-22. 5 owen Aerie Calciaquolls _---._.----____ Mollisols. 
Binford ~.----______. MANY MIXC0) et ee et Udic Haploboroils _----.-----_._ Mollisols. 
Borup? ...------._-- Coarse-silty, frigid _--.-___.__-_-__-_-_-_-4_-_---- ee Typie Calciaquolls -----------_- Mollisols. 
Brantford ~.--.____ Fine-loamy over sandy or sandy-skeletal, mixed__..-___ Udic Haploborolls _-__-_----_-___ Mollisols. 
Bus@) 202223 2oe ose Fine-loamy, mixed __..---__.__-----_.--_-------.--- Udorthentic Haploborolls ---____ Mollisols. 
Gathay 22c2e soe ee Fine-loamy, mixed __-----__-_------ Glossie Udie Natriborolls —-_.___ Mollisols. 
Cavour ~_-_-----______ Fine, Mmixedh cence tac ees er a Ed Udie Natriborolls _-..---___~-__ Mollisols. 
Cavour variant ~ ~.-_ Fine, mixed): 2552038 8 a Ue ee ee Udie Natriborolls _-__-/-----~_-_ Mollisols. 
Claire _-------___ Mixed, 47 igi occ oe Typic Udipsamments _-------__ Entisols. 
Clontarf ~~_.--______ Coarse-loamy, mixed _.---.------_-.----------~--- Pachic Udic Haploborolls ------_) Mbollisols. 
COG ane te eto ea) Sandy-skeletal, mixed ~--..---.-----_.~-___.-----.--- Udorthentie Haploborolls _-_-___ | Mollisols. 
Colvin ~~~ Winessilty; frigid 2 anc eee ee ee Typie Calciaquolls __-____----_- Mollisols. 
Cresbard ~-_-.-_-_____ Fine, mixed ~.--_-__________ | Glossie Udie Natriborolls _---___. Mollisols. 
Dickey ~--~----______ Sandy over loamy, mixed Udic Haploborolls _----------._- Mollisols. 
Divide ~~--__.- Fine-loamy over sandy or sandy-skeletal, frig | Aerie Calciaquolls __ Mollisols. 
Eckman ___.---_____- Coarse-silty, mixed _...-___.--_----_ eee | Udie Haploborolls -_-.---_----__ Mollisols. 
Edgeley ~-_.----_____ Fine-loamy, mixed __-.-___-_--_-_-____ | Udie Haploborolls .-_-_---------- Mollisols. 
Edgeley variant ~.-___ Fine-loamy over sandy or sandy-skeletal, mixed_-----~-- Udic Haploborolls -------------- Mollisols. 
Egeland _..--_-.-__-_ Coarse-loamy, mixed ~--.--..---------~----------~.... | Udie Haploborolls ~--.--------_- Mollisols. 
Embden ____-------— Coarse-loamy, mixed .-----.____------4__----_---+-- Pachie Udic Haploborolls _----_- Mollisols. 
Emrick _~~~~---__-_ Coarse-loamy, mixed _....--_____------__---------- Pachie Udic Haploborolls ~-.--__ Mollisols. 
Esmond ~_---_--_____ Coarse-loamy, mixed ~-.----__.------_--_-_-- =e Udorthentic Haploborolls _----__ Mollisols. 
Exline ~.--.--~-.._- Fine, montmorillonitic _--_--__-__»_»_____ Leptic Natriborolls ___-_.-----._ Mollisols. 
Margo: eno SA, Fine, montmorillonitic, frigid ---__------_________--__ Vertic Haplaquolls ~----------__ Mollisols. 
Fordville -.- --.__- Fine-loamy over sandy or sandy-skeletal, mixed-_.---__ Pachie Udie Haploborolls --.---_ Mollisols. 
Fossum ____________ Sandy, mixed, frigid .------_____------__-----_----~- , Typic Haplaquolls ~_ ~---------_ Mollisols. 
Fram ___ Coarse-loamy,, frigid! o-oo ee Aeric Calciaquolls _-__---_.----- Mollisols. 
Gardena _ Coarse-silty, mixed ___ Pachic Udie Haploborolls ~-----. Mollisols. 
Glyndon ~~--_----__ Coarse-silty, frigid ___ Aeric Calciaquolls --_._.__----__ Mollisols. 
Hamar? ~--_-__-- Sandy, mixed, frigid .-_.----____-------_.---_------ Typic Haplaquolls ~---.-------_ Mollisols. 
Hamerly  ~~-~----..-- Fine-loamy, frigid ---__.----.------_---.----------- Aeric Caleiaquolls _-..----_____. Mollisols. 
Hecla ~~~ 2 Sandy, mixed cocsec- eo see ee ke Udie Haploborolls ~-..._.------~ Mollisols. 
Heimdal _~_------~--- Coarse-loamy, mixed ~_----------------------------- Udic Haploborolls --.----------~ Mollisols. 
Kensal 2os22 scene sce Fine-loamy over sandy or sandy-skeletal, mixed________ Aquic Haploborolls ___---__.---~ Mollisols. 
Kloten ____.-----_ Iboamy, mixed! 2.02523 oe i ee Lithie Haploborolls _-_.--.---_-. Mollisols 
Kratka __-______--___ Sandy over loamy, mixed, frigid________--.._--____--~ Typie Haplaquolls ~-~-_--_--_--- Mollisols 
LaDelle __.___ Fine-silty, mixed _.....-_--- ew Cumulie Udie Haploborolls -----_ ollisols 
Lallie ~~ Fine, montmorillonitic (calcareous), frigid-______--_-~ Typie Fluvaquents ~-_---------- Entisols 
Lamoure ______---.__. Fine-silty, mixed (calcareous), frigid__-___ Fans oes Cumulic Haplaquolls ~---__----- Mollisols 
La Prairie _.__.-____ Fine-loamy, mixed ~..-..----__- ~~ Cumulic Udie Haploborolls ----_- Mollisols. 
Larson — ~_____--_-___ Fine-loamy, mixed ___-______.-_-___-_----__--__----- Udie Natriborolls _--.__-___----_ Mollisols 
TLe@mert 2) ge ee Coarse-loamy, mixed Leptic Natriborolls _..------_-- Mollisols 
Letcher _ Coarse-loamy, mixed Udic Natriborolls ---____.---___ Mollisols 
Lohnes ~________- Sandy, mixed _-_-.-._.---__-___ Udorthentic Haploborolls ~----__ Mollisols 
Ludden ____----_____ Fine, montmorillonitic (calcareous), frigid-.__----_--_ Vertic Haplaquolls ~--_____ --| Mollisols. 
Maddock ____________ Sandy, mixed 2-522. 2-4 ke Se Udorthentie Haploborolls ____.__ Mollisols. 
Marysland _________ Fine-loamy over sandy or sandy-skeletal, frigid .--_-__ Typie Calciaquolls ---.---___-_- Mollisols 
Minnewaukan —~-__--__ Mixed Trignd: £21206 ie ee ee a Typic Psammaquents ~----_----- Entisols 
Miranda _______.-___ Fine-loamy, mixed ~____-_----- ee Leptic Natriborolls _--.-__---_-__ Mollisols 
Nutley: -22.20e4i. 225. Fine, montmorillonitie _..---_---_-.___----------- Udertic Haploborolls -...___--___ Mollisols 
Osakis ~.-_.-.-----__ Sandy Mixed 2 eee Aquie Haploborolls __.-________ Mollisols. 
Overly ~_.--_- Fine-silty, mixed ~i.--.-—---a.+-4--_-.--- a Pachie Udie Haploborolls _---_--_ Mollisols. 
Parnell _.-_-_-_________ Fine, montmorillonitic, frigid --.-..._-.---_-___----- Typie Argiaquolls ------------- Mollisols. 
Perella? ~~ eo Fine-silty, mixed, frigid _-....-.__________.---__ ee Typic Haplaquolls --..---_-_-_- Mollisols. 
Rauville? 02-22. o.8 Fine-silty, mixed (calcareous), frigid-_-__-_______--_-_ Cumulic Haplaquolls ~.-.-_-___. Mollisols. 
Renshaw ____-____--_ Fine-loamy over sandy or sandy-skeletal, mixed____---_ Udie Haploborolls __---._--____ Mollisols. 

Van oie Fine, montmorillonitic, frigid _--.._._--_-__--_--_----- Typic Natraquolls ----..---_-__ lisols. 
Serden ~~ _--________ Mixed, (aie 22 -f oe owe BS Typic Udipsamments --.-__--_-- Entisols 
Sioux 22-2 csscceceu Sandy-skeletal, mixed ______-_.._-____-__.u+ +e Udorthentic Haploborolls lisols 
Spottswood _.----___. Fine-loamy over sandy or sandy-skeletal, mixed________ Pachie Udie Haploborolls lisols 
Stirum, 2.s-5-2c5.0.- Coarse-loamy, mixed, frigid ----..-___------_.------_ Typie Natraquolls -_.--__-_____ lisols 
SVGC0) aces ee Fine-loamy, mixed ~..-____--__....-__---_.---__---- Pachie Udic Haploborolls lisols 
Svea variant ~...---_ Fine-loamy, Mixe@: 222-222 22i225 oe eo cee Pachic Udie Haploborolls lisols 
Swenoda ~_ ~__---__. Coarse-loamy, mixed ~-__---_.----__-- ee Pachic Udie Haploborolls ~-..- Mollisols 
Tiffany” s2occso--cens Coarse-loamy, mixed, frigid ----_.----------.-------~ Typie Haplaquolls ~-----__.~--- Mollisols 
Ola: wie goes Fine-loamy over sandy or sandy-skeletal, mixed _.__---- Aquie Haploborolls _----.-.---__ ue lisols 
Tonka. ween eave 2 Fine, montmorillonitic, frigid --.--_____------____--_- Argiaquic Argialbolls -..--.-_-- Mollisols. 
Totten —.-.---__.-- Fine-loamy over sandy or sandy-skeletal, mixed, frigid_| Typic Natraquolls ..---._..--__ Mollisols. 
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TABLE 10.—Soil series classified according tothe current system of classification—Continued 


[Classification as of April 1973] 


Series Family Subgroup Order 
Towner ~__-------___ Sandy over loamy, mixed _-----.------_--_--_-__ Pachie Udie Haploborolls _______ Mollisols. 
Vallers _..---__--__ Fine-loamy, frigid: 2.9) eet ee Typic Caleiaquolls _..___ Mollisols. 
Vang —-------------__ Fine-loamy over sandy or sandy-skeletal, mixed_______.. Pachic Udie Haploborolls __ Mollisols. 
Venlo: ceeskuenceenees Sandy, mixed, frigid -.---_--_-------_--.___-_______. Typic Haplaquolls -----_._____ Mollisols. 
Wahpeton _ Fine, montmorillonitic __ _-| Udertic Haploborolls _-.---_____ Mollisols. 
Walsh —_ Fine-loamy,, mixed. 2222220220 ey Pachie Udie Haploborolls _..-___ Moliisols. 
Walum _ Sand V5 MXC 2S oe Se a el Aquic Haploborolls _----.-______ Mollisols. 
Warsing _ Fine-loamy over sandy or sandy-skeletal, mixed__..--._ Aquie Haploborolls _---..--_____ Mollisols. 
Wyard ~~_-~-..--___ Fine-loamy, mixed, frigid---_-------_.-_.------_-_--_ Typic Haplaquolls -----________ Mollisols. 
Wyndmere —._-___-__ Coarse-loamy, frigid -----._..----___----__-_-______ Aeric Calciaquolls _--._-___-_-____ Mollisols. 
Wyrene .- ~~ Sandy frigid 22222222 oe a ee eS Aerie Calciaquolls _.-------__ Mollisols. 
Tel ves ecco Coarse-silty, mixed --.------_-__-_-__--- Udorthentic Haploborolls _______ Mollisols. 


* All or part of these soils are taxadjuncts. The reasons for excluding them from the series with which they are here identified 


are as follows: 


Aberdeen, Bearden, Borup, Perella, and Rauville soils have a higher content of sand than is defined for their series. 
Hamar loamy coarse sand and Hamar coarse sandy loam have a higher content of coarse sand than is defined for the series. 


and numerous county roads. The railroads were im- 
portant in the early development of this area, and they 
now serve communities in the southwestern part of 
Eddy County and in the parts of Benson and Nelson 
Counties that are in this survey area. Most of the 
oy roads are graveled or paved and are well main- 
tained. 


Physiography, Relief, and Drainage 


This survey area is nearly level to steep and in most 
areas has short irregular slopes, but in the Sheyenne 
River Valley the side slopes are sloping to steep and 
400 to 800 feet long. The slopes are uniform except 
where drainageways enter the valley. 

In the smooth areas of outwash and ground moraine 
the slopes are generally less than 4 percent, but in the 
pitted and dissected areas of outwash and recessional 
moraines, they range from less than 4 to 30 percent. 
Relief ranges from less than 5 feet to about 160 feet 
within the survey area, but not including the Sheyenne 
River Valley. 

The elevation in the survey area ranges from about 
1,420 feet on the flood plain of the Sheyenne River 
in the northwest corner of Eddy County to about 1,370 
feet downstream near the eastern boundary of the 
survey area. It is 1,680 feet at a high point of the 
Continental Divide north of New Rockford, about 1,520 
feet at New Rockford, and 1,470 feet at Hamar. 

The Continental Divide runs through the southwest- 
ern part of Eddy County. It separates the watershed 
of the James River, which flows into the Missouri 
River, from that of the Sheyenne River, which flows 
into the Red River of the North. The James River is 
not so deeply entrenched as the Sheyenne River, which 
flows in a channel about 10 to 80 feet deep. 

The drainage pattern is not well developed in most 
of the survey area. Much of the runoff collects in 
depressions. Consequently there is little runoff from 
most areas until water fills the depressions and over- 
flows into the poorly developed drainageways. As a 
result, the Sheyenne and James Rivers carry less 


water than is normal for the size of their watersheds. 
Rocky Run and Robinson Coulee also provide outlets 
for runoff. Numerous shallow salt lakes are in the sur- 
vey area. The north edge of the area borders on Stump 
Lake and East Devils Lake, remnants of old glacial 
Lake Minnewaukan. 


Water Supply 


Wells are the main source of water for domestic use 
on farms and in most communities. The water comes 
from gravel and sand aquifers within the glacial ma- 
terial. The weils generally are less than 100 feet deep, 
but many are less than 15 feet deep and some are more 
than 200 feet deep. A few deep wells penetrate bed- 
rock, and water is obtained from the Pierre Forma- 
tion and from the sand of the Dakota Formation, but 
the quality of the water is poor (2). A few flowing 
wells are in the southwestern corner of Eddy County, 
but most of this water is not suitable for domestic use. 

Local sources of ground water generally are suffic- 
ient for domestic use, but some farmers have to truck 
water to their farms. New Rockford obtains water 
from wells drilled in the Heimdal aquifer, and Devils 
Lake is supplied by wells drilled near Hamar. 

Farm wells generally are adequate for domestic use, 
but the supply may not be adequate for livestock. 
Consequently, dugouts where the soils are shallow to 
ground water, and natural sloughs are used to water 
livestock on many farms. Springs have been developed 
to supply water on some farms. 


Climate * 


The climate of Eddy County is marked by large 
annual and day-to-day ranges of temperature. The rela- 
tive humidity is moderate, and rainfall is light and 
irregular. Most of the precipitation falls during spring 
and summer, Local flooding along the Sheyenne River 


"By Morton BAILey, climatologist for North Dakota, National 
Weather Service, U.S. Department of Commerce. 
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and headwaters of the James River is minor. Sum- 
mers are warm, and winters are long and cold. 

Table 11 shows temperature and precipitation, based 
on records kept at McHenry; table 12 shows the proba- 
bility of low temperatures on specified dates; and table 
18 shows the probability of receiving specified amounts 
of precipitation during various periods of the grow- 
ing season, based on records kept at Napoleon. The 
probabilities for Napoleon should be representative for 
Eddy County. 

Frontal passages occur throughout the year, and they 
are occasionally accompanied by large and rapid fluc- 
tucations in temperature. Cold fronts sometimes lower 
the temperature by as much as 40 degrees or 50 de- 
grees within a 24-hour period. The daily range in 
temperature averages about 20 degrees in winter and 
27 degrees in midsummer. In an average year, the 
maximum temperature is 90° F or higher on about 11 
days, mostly during July and August, Temperatures 
above 100° occur in only about 1 year in 3 and are of 
short duration. The minimum temperature is 32° or 
below on about 200 days each year and is zero or be- 
low zero on about 60 days each year. 

The average length of the freeze-free period is about 
120 days (3). No time of the year can be considered 
absolutely frost free or freeze free. Freezing tempera- 
tures have occurred in every month, except July when 
a minimum of 35° has been recorded. 

Average annual precipitation for the period 1941- 
70 was 17.70 inches at McHenry, and surrounding sta- 
tions indicate that only slightly less was received in 
other parts of the survey area. Yearly precipitation 
varies widely, however, and at McHenry annual rain- 
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fall has ranged from 11.08 inches to 26.68 inches. 
Normally, 0.10 inch or more on about 10 days. On the 
average in at least 1 year out of 5 (4), the following 
amounts of rainfall can be expected: 1.2 inches in 
30 minutes, 1.5 inches in 1 hour, 1.8 inches in 3 hours, 
2.2 inches in 6 hours, 2.5 inches in 12 hours, and 2.8 
inches in 24 hours. 

Average seasonal snowfall is about 28 inches. Since 
1937-88, average winter snowfall at McHenry has 
ranged from 11.2 to 47.8 inches. Four or five inches 
of snow is the average amount for November through 
March when snowfall is heaviest. In April, snowfall 
averages nearly 8 inches, but yearly amounts vary con- 
siderably. In about 1 year in 5, 1 inch or more of snow 
falls in May and October. Blizzards occur nearly every 
year, and restricted visibility because of blowing snow 
occurs several times each winter. 

Thunderstorms occur in the area on an average of 
about 30 days per year. Hail occurs on about 2 days 
each year in any part of the survey area, and most 
hailstorms oceur in June and July. 

The annual evaporation from class A pans averages 
about 40 inches in the northeastern part of the survey 
area and 42 inches in the southwestern part. About 
85 percent of the evaporation takes place in the period 
May to October. The annual evaporation from lakes is 
30 inches. 

Eddy County receives 59 percent of the possible an- 
nual sunshine. July, averaging 71 percent of the pos- 
sible sunshine, is the sunniest month; November and 
December, averaging only 44 percent and 45 percent of 
the possible sunshine, are the cloudiest. 

The prevailing wind direction in Eddy County is 


TABLE 11.—Temvperature and precipitation 


[All data from McHenry, Eddy County] 


Temperature Precipitation 
Two years in 10 will have One year in 10 will 
at least 4 days with have— 
Month : Days Average 
Average Average Average with depth of 
daily daily Maximum Minimum monthly snow snow on 
maximum minimum temperature | temperature total Less More cover days with 
equal to or equal to or than— than— snow cover 
higher lower 
than— than— 
Ly °K °F oF Inches Inches Inches Inches 
January _--- 14 —6 36 ~28 0.46 0.10 0,94 28 8 
February —.. 19 -2 37 ~24 37 .09 15 27 10 
31 11 54 -12 al 12 1.58 22 lL 
52 28 72 14 1,25 31 2.48 6 5 
66 39 83 26 2,24 88 3.89 (Cy 2 eeeeeseosees 
74 49 87 88 3.47 1.76 5.45 Oe ie ite 
81 55 92 45 2.67 1.19 4.43 0 eee oe 
80 53 94 42 2,44 70 4,67 Oa (ean at eereeemer i eee 
September __ 69 42 88 27 2.01 .60 3.79 O), |e oee oes 
October ____ 57 32 73 19 1.09 15 2.43 1 C) 
November ~~ 35 16 57 - 6 53 .09 1.13 q 2 
December —~ 22 2 40 —20 46 10 93 25 5 
Year____ 50 26 798 3-33 17.70 12.62 23.25 116 8 


1 Less than half a day. 


2 Average annual highest temperature. 


5’ Average annual lowest temperature. 
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TABLE 12.—Probability of low temperatures in spring and fall 
[All data from McHenry, Eddy County] 


Dates for given probability and temperature 
Probability 
16° F 20° F 24° 28° F 32° F 
or lower or lower or lower or lower or lower 

Spring: 

1 year in 10 later than-_---_---_---_ May 4 May 18 May 22 May 30 June 11 

2 years in 10 later than --..-______ April 28 May 8 May 16 May 25 June 6 

5 years in 10 later than---__.-__--_ April 17 April 27 May 6 May 16 May 28 
Fall: 

1 year in 10 earlier than __._.._____ October 6 September 27 September 13 September 8 September 7 

2 years in 10 earlier than_--_-__--__ October 12 October 3 September 19 September 12 September 7 

5 years in 10 earlier than --_.-__-__ October 28 October 14 September 29 September 21 September 15 


TABLE 13.—Probability of recewing specified amounts of precipitation 
during three periods of the growing season 


[The symbol < means less than} 


Probability of receiving— 
Period More than— 
4 inches 
or less 
4 inches 6 inches 8 inches 10 inches | 12inches | 14 inches 
Percent Percent Percent Percent Percent Percent Pereent 
17-day period: 
March 15-May 30_.------------------ 50 50 
March 22-June 6_-------------------+- 40 60 
Mareh 29-Juneé: 13 3-56 sceseeaseece 30 70 
April 5-June 20._..----_------------. 20 80 
April 12-June 27____------.---_-_------- 15 85 
April 19-July 4..-__----.--- e+e 10 90 
April 26-July 11_.-~----_-_-____----- 10 90 
May 3-July 18_---__---_-______------- 10 90 
May 10—July 25_-___-------___------- 5 95 
May 17-August 1----__..----__---_-_ 5 95 
May 24~-August 8__-----_-_-___------- 10 90 
May 31-August 15_.--________-----. 10 90 
June 7-August 22__ 10 90 
June 14-August 29.---.-______-----__ 15 85 
91-day period: 
March 15-June 18_.---_--_---.----___ 20 80 45 OO) jose et eee) <10 
March 22-June 20__-------_--_------- 15 85 50 7°15) ae eae a er [eae ene yee eres <10 
March 29-June 27__-----.--__-------- 10 90 65 80 i 0 ca Renee reeernareae <10 
April 5-July 4... ~...---2---2_.+-.--- 5. 95 70 40 5 U5 am eres inmere <10 
April 12-July 11__.------------~~ ~~. 5 95 75 45 20F toc e eee, <10 
April 19-July 18___------------------ 5 95 80 50 D0 les te <10 
April 26-July 25_-------------------- 5 95 80 50 OOS Weeeea Soe ee <10 
May 8-August 1-------.------------- 5 95 80 50 25 10 <10 
May 10-August 8__-.---___-_-------- 5 95 80 50 25 10 <10 
May 17-August 15_.--------___-------- 5 95 80 50 Oe eee a <10 
May 24—-Aupust 22_--.---_-__-__------- 5 95 80 50 25 10 <10 
May 31-August 29_-------..-.------- 5 95 80 50 25 10 <10 
June 7—-September 5-_---------------. 5 95 70 40 PA ee <10 
June 14-September 12-_...--_----_---_ 5 95 70 35 a eee <10 
119-day period: 
April 26-August 22.-_.-._____-______ 1 99 95 15 50 25 10 
May 3-August 29__------------_-_---- 1 99 95 15 50 25 10 
May 10-September 5_------_-_-----_~ Bu 99 95 75 50 80 10 
May 17-September 12_--.------------ 1 99 95 15 50 25 10 
May 24~-September 19_-.------------- 1 99 90 70 45 25 10 
May 31-September 26__-__..--.----_~ 1 99 90 70 40 20 <10 
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northwesterly from September through May and south- 
easterly during June, July, and August. Wind direc- 
tions are quite variable, however, and the wind blows 
from each direction part of the time during each month. 
Wind speeds are also quite variable, and periods of 
strong wind are followed by relative calm. April is the 
windiest month, during which the average wind speed 
is about 12 miles per hour. Wind speeds generally are 
strongest in early afternoon. 
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Glossary 


Ageregate, soil. Many fine particles held in a single mass or 
cluster. Natural soil aggregates such as crumbs, blocks, or 
prisms are called peds. Clods are aggregates produced by 
tillage or logging. 

Alluvial fan. A fan-shaped deposit of sand, gravel, and fine 
material dropped by a stream where its gradient lessens 
abruptly. 

Alkali soil. Generally, a highly alkaline soil. Specifically, an 
alkali soil has so high a degree of alkalinity (pH 8.5 or 
higher) or so high a percentage of exchangeable sodium (15 
percent or more of the total exchangeable bases), or both, 
that the growth of most crop plants is low from this cause. 


Alluyium. Soil material, such as sand, silt, or clay, that has 
been deposited on land by streams. 


Available water capacity (also termed available moisture ca- 
pacity). The capacity of soils to hold water available for 
use by most plants. It is commonly defined as the difference 
between the amount of soil water at field capacity and the 
amount at wilting point, It is commonly expressed as inches 
of water per inch of soil, 

Calcareous soil. A soil containing enough calcium carbonate 
(often with magnesium carbonate) to effervesce (fizz) 
visibly when treated with cold, dilute hydrochloric acid. 


Clay. As a soil separate, the mineral soil particles less than 
0.002 millimeter in diameter. As a soil textural class, soil 
material that is 40 pereent or more clay, less than 45 per- 
cent sand, and less than 40 percent silt. 
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Clay film. 
gregate. Synonyms: 


Claypan. A compact, slowly permeable soil horizon that con- 
tains more clay than the horizon above and below it. A 
claypan is commonly hard when dry and plastic or stiff 
when wet. 


A thin coating of clay on the surface of a soil ag- 
clay coat, clay skin. 


Colluvium. Soil material, rock fragments, or both, moved by 
lee slide, or local wash and deposited at the base of steep 
slopes. 


Concretions. Grains, pellets, or nodules of various sizes, shapes, 
and colors consisting of concentrations of compounds, or 
of soil grains cemented together. The composition of some 
concretions is unlike that of the surrounding soil. Calcium 
carbonate and iron oxide are examples of material com- 
monly found in concretions. 


Consistence, soil. The feel of the soil and the ease with which 
a lump can be crushed by the fingers. Terms commonly used 
to describe consistence are— 

Loose.—Noncoherent when dry or moist; does not hold to- 
gether in a mass. 

Friable-—-When moist, crushes easily under gentle pressure 
between thumb and forefinger and can be pressed to- 
gether into a lump. 

Firm.—When moist, crushes under moderate pressure be- 
tween thumb and forefinger, but resistance is distinctly 
noticeable. 


Plastic.—When wet, readily deformed by moderate pressure 
but can be pressed into a lump; will form a “wire” when 
rolled between thumb and forefinger. 


Sticky—When wet, adheres to other material, and tends to 
stretch somewhat and pul] apart, rather than to pull 
free from other material. 

Hard—When dry, moderately resistant to pressure; can be 
broken with difficulty between thumb and forefinger. 
Soft—When dry, breaks into powder or individual grains 

under very slight pressure. 


Cemented.—Hard and brittle; little affected by moistening. 


Glaciofluvial deposits (geology). Material moved by glaciers 
and subsequently sorted and deposited by streams flowing 
from the melting ice; the deposits are stratified and occur 
in the form of kames, eskers, deltas, and outwash plains. 


Horizon, soil. A layer of soil, approximately parallel to the 
surface, that has distinct characteristics produced by soil- 
forming processes, These are the major horizons: 

O horizon.—The layer of organic matter on the surface of a 
mineral soil. This layer consists of decaying plant resides. 

A horizon.—The mineral horizon at the surface or just below 
an O horizon. This horizon is the one in which living 
organisms are most active and therefore is marked by the 
accumulation of humus, The horizon may have lost one 
or more of soluble salts, clay, and sesquioxides (iron and 
aluminum oxides). 

B horizon—The mineral horizon below an A horizon, The 
B horizon is in part a layer of change from the overlying 
A to the underlying C horizon. The B horizon also has 
distinctive characteristics caused (1) by accumulation of 
clay, sesquioxides, humus, or some combination of these; 
(2) by prismatic or blocky structure; (3) by redder or 
stronger colors than the A horizon; or (4) by some 
combination of these. Combined A and B horizons are 
usually ealled the solum, or true soil. If a soil Jacks a 
B horizon, the A horizon alone is the solum. 

C horizon.—The weathered rock material immediately beneath 
the solum. In most soils this material is presumed to be 
like that from which the overlying horizons were formed. 
If the material is known to be different from that in the 
solum, a Roman numeral precedes the letter C. 

R layer—Consolidated rock beneath the soil. The rock usually 
underlies a C horizon but may be immediately beneath 
an A or B horizon. 


Moraine (geology). An accumulation of earth, stones, and 
other debris deposited by a glacier. Types are these: 
Terminal, lateral, medial, ground. 


Mottling, soil. Irregularly marked with spots of different colors 
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that vary in number and size. Mottling in soils usually 
indicates poor aeration and lack of drainage. Descriptive 
terms are as follows: abundance—few, common, and many; 
size—fine, medium, and coarse; and contrast—faint, distinct, 
and prominent. The size measurements are these: fine, 
less than 5 millimeters (about 0.2 inch) in diameter along 
the greatest dimension; mediwm, ranging from 5 millimeters 
to 15 millimeters (about 0.2 to 0.6 inch) in diameter along 
the greatest dimension; and coarse, more than 15 milli- 
meters (about 0.6 inch) in diameter along the greatest 
dimension. 

Organic matter. A general term for plant and animal material, 
in or on the soil, in all stages of decomposition. Readily 
decomposed organic matter is often distinguished from the 
more stable forms that are past the stage of rapid decom- 
position. 

Parent material. Disintegrated and partly weathered rock from 

which soil has formed, 

An individual natural soil aggregate, such as a crumb, 

a prism, or a block, in contrast to a clod. 

Permeability. The quality that enables the soil to transmit 
water or air. Terms used to describe permeability are as 
follows: very slow, slow, moderately slow, moderate, mod- 
erately rapid, rapid, and very rapid. 

Plowpan. A compacted layer formed in the soil immediately 
below the plowed layer. 

Profile, soil. A vertical section of the soil through all its 
horizons and extending into the parent material. 

Phase, soil. A subdivision of a soil, series, or other unit in 
the soil classification system made because of differences 
in the soil that affect its management but do not affect its 
classification in the natural landscape. A soil type, for 
example, may be divided into phases because of differences 
in slope, stoniness, thickness, or some other characteristic 
that affects its management but not its behavior in the 
natural landscape. 

Reaction, soil. The degree of acidity or alkalinity of a soil, 
expressed in pH values. A soil that tests to pH 7.0 is pre- 
cisely neutral in reaction because it is neither acid nor 
alkaline. An acid, or “sour,” soil is one that gives an acid 
reaction; an alkaline soil is one that is alkaline in reaction. 
In words, the degrees of acidity or alkalinity are expressed 


Ped. 


thus: 
pH pH 
Extremely acid _____ Below 4.5 Neutra] -~_-----.___ 6.6 to 7.3 
Very strongly acid _.4.5to5.0 Mildly alkaline _____ 7.4 to 7.8 
Strongly acid ~----__ 5.1to5.5 Moderately alkaline _7.9 to 8.4 
Medium acid ~--__._ 5.6to6.0 Strongly alkaline ___8.5 to 9.0 
Slightly acid _.-_____ 6.1t06.5 Very strongly 


alkaline _.-.9.1 and higher 


Runoff (hydraulies). The part of the precipitation upon a 
drainage area that is discharged from the area in stream 
channels. The water that flows off the land surface without 
sinking in is called surface runoff; that which enters the 
ground before reaching surface streams is called ground- 
water runoff or seepage flow from ground water. 

Saline soil. A soil that contains soluble salts in amounts that 
impair growth of plants but that does not contain excess 
exchangeable sodium. 

Sand. Individual reck or mineral fragments in a soil that 
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range in diameter from 0.05 to 2.0 millimeters. Most sand 
grains consist of quartz, but they may be of any mineral 
composition. The textural class name of any soil that con- 
tains 85 percent or more sand and not more than 10 per- 
cent clay. 

Series, soil. A group of soils developed from a particular type 

of parent material and having genetic horizons that, except 

for texture of the surface layer, are similar in differentiating 
characteristics and in arrangement in the profile. 

Individual mineral particles in a soil that range in di- 
ameter from the upper limit of clay (0.002 millimeter) to 
the lower limit of very fine sand (0.05 millimeter). Soil of 
the silt textural class is 80 percent or more silt and less 
than 12 percent clay. 

Slope. The incline of the surface of the soil. The summit is 
the top of the land form. A shoulder is the convexly rounded 
part of the slope between the summit and the backslope. 
Backslope is the linear part of the slope between the 
shoulder and foot slope. Foot slope is the concave part of 
the slope between the backslope and toe slope that is partly 
erosional and partly depositional. Toe slope is the part of 
the slope commonly formed on depositional debris that ex- 
tends from the base of the slope. 

Stone line. A concentration of coarse rock fragments in soils 
that generally represents an old weathering surface. In a 
cross section, the line may be one stone or more thick. The 
line generally overlies material that weathered in place, 
and is ordinarily overlain by sediment of variable thick- 
ness. 

Structure, soil. The arrangement of primary soil particles into 
compound particles or clusters that are separated from 
adjoining aggregates and have properties unlike those of 
an equal mass of unaggregated primary soil particles. The 
principal forms of soil structure are—platy (laminated), 
prismatic (vertical axis of aggregates longer than hori- 
zontal), columnar (prisms with rounded tops), blocky 
(angular or subangular), and granular. Structureless soils 
are either single grain (each grain by itself, as in dune 
sand) or massive (the particles adhering together without 
any regular cleavage, as in many claypans and hardpans). 

Subsoil. Technically, the B horizon; roughly, the part of the 
solum below plow depth. 

Substratum. Technically, the part of the soil below the solum. 

Texture, soil, The relative proportions of sand, silt, and clay 
particles in a mass of soil. The basic textural classes, in 
order of increasing proportion of fine particles, are sand, 
loamy sand, sandy loam, loam, silt loam, silt, sandy elay 
loam, clay loam, silty clay loam, sandy elay, silty clay, and 
clay. The sand, loamy sand, and sandy loam classes may 
be further divided by specifying “coarse,” “fine,” or “very 

Tilth, soil. The condition of the soil in relation to the growth 
of plants, especially soil structure. Good tilth refers to the 
friable state and is associated with high noncapillary po- 
rosity and stable, granular structure. A soil in poor tilth 
is nonfriable, hard, nonaggregated, and difficult to till. 

Varves. Distinctly marked annual deposits of sediments, re- 
gardiess of their origin. 

Water table. The highest part of the soil or underlying rock 
material that is wholly saturated with water. In some places 
an upper, or perched, water table may be separated from 
a lower one by a dry zone. 
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GUIDE TO MAPPING UNITS 


For a full description of a mapping unit, read both the description of the mapping unit and that of the soil 
series to which the mapping unit belongs. Other information is given in tables as follows: 


Map 
symbol 


BSA 
BsB 


Acreage and extent, table 1, page 14. 
Predicted average yields, table 2, page 120. 
Soil interpretations for wildlife, table 


Soil interpretations for recreation, 
table 5, page 136. 
Engineering uses of the soils, tables 6, 


4, page L3l. 7, 8, and 9, pages 144 through 195. 
Windbreak 
Capability suitability 
unit group 
Mapping unit Page | symbo1 Page Number Page 
Aberdeen loam--------------+-+--------+-------------------------- 18 IiIs-6P 113 4 128 
Aberdeen-Exline loams-------~---------------------------------- 18 IVs-6P 116 -- --- 
Aberdeen part--~-------------------------- ren nn nnn cnr ene re --- 4 128 
Exline part---------------------------------- nnn enn rene re --- 9 129 
Arveson sandy loam----~---------------<----3 nnn ne meee nnn 19 IlIw-3 110 2 128 
Arvilla sandy loam-------------------------~ +290 -e-- 55 sone ree 19 IIIes-3 109 6 129 
Arvilla sandy loam, gravelly substratum, 0 to 3 percent 
slopes----------------- 9 +--+ -- oo ne rer rn cnn rn cern 19 IIIes-3 109 6 129 
Arvilla sandy loam, gravelly substratum, 3 to 6 percent 
s lopes-~--------- 22 2 = 2 n= nr enn nnn nrc cnn tren 20 Illes-3 109 6 129 
Arvilla sandy loam, sandy substratum, 0 to 3 percent slopes--- 20 IIIes-3 109 6 129 
Arvilla sandy loam, sandy substratum, 3 to 6 percent slopes--- 20 IITes-3 109 6 129 
Arvilla-Sioux sandy loams, 6 to 9 percent slopes----------~---- 20 IVes-3 115 == --- 
Arvilla part---------------------------------------------- ne --- 6 129 
Sioux part----------------2 92 cr enn ne cnn nnn cnr re cnn eo atatatataiatatata! a 10 130 
Barnes loam, 0 to 3 percent slopes-------~----~----------------- 21 IIc-6 108 3 128 
Barnes loam, 3 to 6 percent slopes----------~------------------ 2i Ile-6 106 3 128 
Barnes loam, 6 to 9 percent slopes-------~----------------- 77-7 21 IITle-6 109 3 128 
Barnes-Svea loams, 0 to 3 percent slopes---------------------- 22 Iic-6 108 _ aire 
Barnes part---------------+----- +95 nnn nn nnn nnn cnr ne we | eee ene == --- 128 
Svea part---------------------+------------ ---- +--+ 2-2-2 -- a --- at 127 
Barnes-Svea loams, 3 to 6 percent slopes---------------------- 22 Ile-6 106 = Bia 
Barnes part--------- n-ne ee eters cnnce cece cnc scn a --- 3 128 
Svea part------------------------- oon een ne ee oe ree ene wo | eee en---- a 1 127 
Barnes-Svea stony loams, 3 to 6 percent slopes-------~--------- 22 VIIs-8 119 10 130 
Barnes-Svea-Buse loams, 6 to 9 percent slopes-------~+--------- 22 IIle-6 109 ae aie 
Barnes part------------------------------ 95-2 no nnn cern wo | tere nen ne --- 3 128 
Svea part---------------+ ------------ $$ eno ene ne ne rn rene -- 0 | --e------ --- 3 128 
Buse partq----- +s ncn n nn nce cence csnecn cnc cssescsesss Sn --- 10 130 
Barnes-Svea-Buse stony loams, 6 to 9 percent slopes----------- 22 VIIs-8 119 10 130 
Bearden silt loam, saline------------~------------------------- 23 IIIws-4L lll 10 130 
Binford sandy loam----------------------+--+------- ------e enn - 24 IIles-3 109 6 129 
Binford sandy loam, gravelly substratum, 0 to 3 percent 
s lopes-- -- -------------------- ---- net ne ce nn erence 24 IIlIes-3 109 6 129 
Binford sandy loam, gravelly substratum, 3 to 6 percent 
s Lopes-------~---- --- 2 enn nnn nn rrr rr cn tren 24 Illes-3 109 6 129 
Binford sandy loam, sandy substratum, 0 to 3 percent slopes--- 24 IIles-3 109 6 129 
Binford sandy loam, sandy substratum, 3 to 6 percent slopes--- 24 IIles-3 109 6 129 
Binford-Coe sandy loams, 6 to 9 percent slopes---------------- 25 IVes-3 115 -- o-- 
Binford part---------------------+----- ono nn conn cn er ennn ee --- 6 129 
Coe part---~--9--------- 9 - on nn nnn nn cen cceee ee aoe 10 130 
Binford-Coe sandy loams, 9 to 12 percent slopes---~------------ 25 VIs-3 118 a0) 130 
Borup silt loam-------------------------------- 58 conn cnr nn nre 26 Iiw-4L 107 2 128 
Borup and Marysiand silt loams, very wet---------------------- 26 Vw-8 117 10 130 
Borup and Vallers loams, 3 to 6 percent slopes--~------------- 26 Vw-8 117 2 128 
Brantford loam, 3 to 6 percent slopes---~-~~------------------ 27 Illes-5 110 6 129 
Brantford loam, gravelly substratum, 0 to 3 percent slopes---- 27 TIIs-5 112 6 129 
Brantford loam, gravelly substratum, 3 to 6 percent slopes---- 27 IIles-5 110 6 129 
Brantford loam, sandy substratum, 0 to 3 percent slopes------- 27 IIIs-5 112 6 129 
Brantford loam, sandy substratum, 3 to 6 percent slopes------- 28 Iiles-5 110 6 129 
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Windbreak 
Capability suitability 
unit group 

Map r 
symbol Mapping unit Page | Symbol Page Number Page 
BuC = Brantford-Coe loams, 6 to 9 percent slopes-------------------- 28 TITes-5 110 -- --- 
Brantford part------------------~~---~------~-------------- a --- 6 129 
Coe part------------~--+----~------~-----~------~--------+---- o> | see ecnne- =—=- 10 130 
By Brantford-Kensal loams---------~-------------------------+----- 28 IIIs-5 112 -- --- 
Brantford part--------------------~--------~---------.~----- ae | ween en ne- --- 6 129 
Kensal part---------------+---~----------------------------- Ho | wee eeecen --- 1 127 
BwE Buse-Barnes loams, 9 to 30 percent slopes--------------------- 29 VIe-6 117 8 129 
BxD Buse-Edgeley loams, 9 to 30 percent slopes-----~-------------- 29 VIe-6 117 8 129 
ByE Buse and Kloten loams, 6 to 25 percent slopes----------------- 29 VIe-6 117 -- --- 
Buse part---~~+---~+-----------+----~---~------ -+---- ----+---- wo | we eeenn-- --- 8 129 
Kloten part--------------------~------~----------------+---+- co | ene nnen-e ae 10 130 
BzD Buse, Sioux, and Zell soils, 3 to 30 percent slopes----------- 30 VIe-6 117 -- --- 
Buse part------~---+-------------~--------------------------- Sr wee 8 129 
Sioux part-~-----------~-------------~---------~-------------- ae | weeceneee --- 10 130 
Zell part-----~~--~----~------------------------------------ oe | weer ee--- --- 8 129 
Ca Cathay loam----------------------~-------------~+-------+------- 30 ITIs-5P 112 4 128 
ChA  Cathay-Heimdal loams, 0 to 3 percent slopes------------------- 31 ITIs-5P 112 -- --- 
Cathay part----------------------------------------------- a --- 4 128 
Heimdal part----------------------~----+-----~-------~----- e- 0 | weer ----- --- 3 128 
ChB Cathay-Heimdal loams, 3 to 6 percent slopes------------------- 31 ITIs-5P 112 -- ane 
Cathay part--------------~-------------------------------- ao | Sesceeces =s6 4 128 
Heimdal part--~~------------------~-~---------------------- wo | meer creas et 3 128 
Cm Cathay-Larson loams-----------------------------------------+-- 31 IVs-6P 116 =o acted 
Cathay part----------------~-----------+~------- ----------- 25., || Seis se --- 4 128 
Larson part--~--~------------------------------------------- co | etree cee --- 9 129 
Cn Cavour-Cresbard loams----------------~------------------------- 32 IVs-6P 116 -- --- 
Cavour part--~------------~------~----------------~+--------- wo | wee eene-- oo 9 129 
Cresbard part-------------------~------------~-------------- wt | creo weee- --- 4 128 
Co Cavour and Vallers stony clay loams--------------------------- 32 VIIsw-8 119 10 130 
CpB Cavour clay loam, shaly variant, 3 to 6 percent slopes-------- 33 VIs-6P 119 9 129 
CrA Claire loamy coarse sand, 0 to 3 percent slopes--------------- 34 ViIes-2 118 10 130 
CrB Claire loamy coarse sand, 3 to 6 percent slopes--------------- 34 ViIes-2 118 10 130 
Cs Claire coarse sandy loam------------~------------------~-------- 34 IVe-3 114 10 130 
Ct Claire-Lohnes-Hamar loamy coarse sands----~---------------~---- 34 VIes-2 118 -- --- 
Claire part------~--------+-~-------~--~---------~----+--+-- Se ete --- 10 130 
Lohnes part---------------- woe Donon ce cannon no eo nee nee a ete --- 7 129 
Hamar part~---~----------~---------------~----~--~----------- a7 0 | eee ees = 2 128 
Cu Clontarf sandy loam-----------------~---~--------~--~--------- 35 IIle-3 108 1 127 
CvB Coe sandy loam, 0 to 6 percent slopes----------------~-------- 36 VIs-3 118 10 130 
CvD Coe sandy loam, 6 to 25 percent slopes------------------------ 36 VIIs-3 119 10 130 
Cw Colvin silty clay loam----------------------~--------~-+------ 37 IIw-4L 107 2 128 
Cx Colvin silty clay loam, saline--------------~--------~--------- Sf Il Iws-4L lll 10 130 
Cy Colvin silty clay loam, very wet--------------------------~---- 37 Vw-8 117 10 130 
Cz Cresbard-Cavour loams--------------------~~-------------------- 38 IIIs-6P 115 -- --- 
Cresbard part---~--------------~---------------------------- we | tere ec eeee --- 4 128 
Cavour part---~-----------------~--+---------~-------------- Cn --- 9 129 
DvA Divide loam, 0 to 3 percent slopes-------~--~------------------- 49 IIIs-4L 112 1 127 
DvB Divide loam, 3 to 6 percent slopes----------~------~~--------- 40 IIIs-4L 112 al 127 
Dw Divide loam, saline----------~------------~-------------------- 40 IlIws-4L 111 10 130 
Dx Divide loam, gravelly substratum--------------~--------------- 40 ITIs-4L 112 1 127 
Dy Divide loam, sandv substratum--------------------------------- 41 TIIs-4L 112 1 127 
Dz Divide loam, till substratum--------------~--~------------------ 4] IlIs-4L 112 1 127 
EaA Eckman loam, 0 to 3 percent slopes-------~-----~----------------- 42 IIe-5 106 3 128 
EaB- Eckman loam, 3 to 8 percent slopes----~----------------------- 42 Ile-5 106 3 128 
Eb Edgeley loam-----------~--------------------~~------~-+-----+- 42 IIc-6 108 3 128 
EcB  Edgeley and Cavour loams, 3 to 6 percent slopes--------------- 42 IIIs-6P 113 -- --- 
Edgeley part----------------------~--------~+------~-~------- nn er --- 3 128 
Cavour part--~-~--~----------------~--~------- ---------+++-- -- 1 -+------- --- 9 129 
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Windbreak 
Capability suitability 
unit group 
Map - 
symbol Mapping unit Page | Symbol Page Number Page 
Ed Edgeley loam, gravelly varjant----------~---------------------- 43 IIIs-6 113 3 128 
EeA Egeland sandy loam, 0 to 3 percent slopes--------------------- 44 IIle-3 108 5 128 
EeC Egeland sandy loam, 6 to 12 percent slopes-----------~--~------ 44 IVe-3 114 5 128 
Eg Egeland sandy loam, sandy substratum-----------------------~-- 44 Ille-3 108 5 128 
EhA Egeland fine sandy loam, till substratum, 0 to 3 percent 
$ lopeS-- ---- 2-H eno oo en nnn rrr mtr rrr no ncrn cree 44 IIIe-3M 109 5 128 
EhB Egeland fine sandy loam, till substratum, 3 to 6 percent 
s lopes---------- ------- = +22 o-oo nnn cnn nnn ccc ce cree 44 IIT Ie-3M 109 5 128 
EmC Egeland-Embden sandy loams, till substratum, 6 to 9 percent 
SI Opesssoes-HossssSh se easeasnt Sate era cea Se SESS ee ecice 45 IVe-3M 114 5 128 
EnA  Embden sandy loam, 0 to 3 percent slopes-----------~---------- 45 IIlle-3 108 a 127 
EoB Embden-Egeland sandy loams, 3 to 6 percent slopes--~---~------- 45 ITle-3 108 = see 
Embden part----------------- 39-25 - nnn nnn rn w= | see reern- --- 1 127 
Egeland part------------------------- ce nnn cern rrr rrne --- 5 128 
EsA Embden, Swenoda, and Heimdal fine sandy loams, 0 to 3 percent 
$ Lop@S------ oe enn rt rrr rrr crn rr snr seee 46 |IIlIe-3M 109 == ae 
Embden part----------------------9- noon nn nner nce cnc nnn os ate --- oe 127 
Swenoda part-----------------++-- 9 nn nen rere ce nnn n nee cr ene -- wen nernn- --- 1 127 
Heimdal part---------------+--+ scr nnn ne eee nnn co nnn re nnn -- 0 | w--------- --- 3 128 
EsB  Embden, Swenoda, and Heimdal fine sandy loams, 3 to 6 percent 
s lopes------------ --- 2-2 nn nn nnn renner cnn rrr 46 IIIe-3M 109 as a5 
Embden part--------------------2-nn non nern ce norco rrr cree wo | ween een-- --- 1 127 
Swenoda part---------------- 9-59 nn conn nr cr re nnn we | eee eeenne wee ul 127 
Heimdal part-------------------------------~-------------- a --- | 3 128 
Et Emrick sandy loam----~----------------<--=--0- -n nner rere ecnnn 47 TITe-3M 109 1 127 
Eu Emrick loam--------------~---------<+-----------9- se ssn nr crnee 47 Ile-S 106 | 1 127 
EvD Esmond, Coe, and Embden soils, 6 to 25 percent slopes---~------ 47 VIe-6 117 -- eet 
Esmond part------- ---------7 9-2 ncn ncoerrn rere rrr cnn a re --- 8 129 
Coe part------~ 2+ - 99 -- on nn nnn nnn rrr nnn rrr -- 0 | --------- --- 10 130 
Embden part--------------------------- no nn rn cern cc cern we fare ee ne ne --- 5 128 
Ew Exline loam--------------------------------- nnn rn rrr ere 49 Viw-4 118 9 129 
Fa Fargo and Nutley silty clay loams-------~--------------------- 49 IIs-4 108 -- ue 
Fargo part~----------------n one nn crn nnn ne sccne eo wee ee enne --- 1 127 
Nutley part------------------------ nnn ne re nnn nrc nce a re --- 4 128 
Fd Fordville loam----------------~---~+-------------- 0 nn rrr rere 50 IfIs-6 113 3 128 
Fn Fossum sandy loam--------------~-------~---96 errno rane rere 51 IiIw-3 110 2 128 
Fo Fossum loam-------------------<--------- + --- en cere rn nr 51 IlIw-5 111 2 128 
Fp Fossum and Hamar sandy loams------~------------------------~--7-- 51 IlIw-3 110 2 128 
FrA Fram loam, 0 to 3 percent slopes------------------------ 75-777 52 Iles-4L 107 al 127 
FrB Fram loam, 3 to 6 percent slopes---------~--~--~---------------- $2 Tles-4L 107 1 127 
Fs Fram loam, saline--~-------------~------------ ------ 5-9 nn rene 52 IIIws-4L lll 10 130 
Fw Fram and Wyndmere fine sandy loams-----------~----------------- 52 IIIs-3 112 1 127 
GaA Gardena loam, 0 to 3 percent slopes----~----------------------- 53 Ile-5 106 1 127 
GaB Gardena loam, 3 to 6 percent slopes------~--------------------- 53 Ife-5 106 1 127 
Gd Glyndon loam---------------~-- 33 -e nn nn nn cern rn non en rn 54 IIes-4L 107 1 127 
Ge Glyndon loam, saline------------------------- 5-5-7 - rn nnn nnn 54 TlIws-4L lll 10 130 
Gp Gravel pit-------------------------- ne conn nn tern correc rr crc rne S40 | --------- --- 10 130 
Ha Hamar loamy coarse sand--~-~----------nc rene nn nnn ener ncn 55 IVw-2 115 2 128 
Hb Hamar loamy sand----------------------------- 5 ne sc rc cn rrr nnn 55 [Vw-2 115 2 128 
He Hamar coarse sandy loam---------------~------------------------ 55 IlIw-3 110 2 128 
Hd Hamar sandy loam-------------------*-------- nent ncc nce cone 55 IIIw-3 110 2 128 
HeA Hamerly loam, 0 to 3 percent slopes-----~-----~---------3-------- 56 Iles-4L 107 1 127 
HeB  Hamerly loam, 3 to 6 percent slopes--------------------------- 56 TIles-4L 107 1 127 
HE Hamerly loam, saline---~-~----------------- ---- no ern n ne tern nr ne 56 IlIws-4L 111 10 130 
HgA Hamerly-Svea loams, 0 to 3 percent slopes--~-------~----------- 56 Iles-4L 107 it 127 
HgB Hamerly-Svea loams, 3 to 6 percent slopes--------------------- 56 Iles-4L 107 1 127 
HhA  Hecla loamy sand, 0 to 3 percent slopes--~--------------------- 57 IVe-2 114 1 127 
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NhB  Hecla loamy sand, 3 to 6 nercent slopes----------~------------ 57 IVe-2 114 1 127 
HkA Hecla sandy loam, 0 to 3 percent slopes------~--~-------------- 57 Iile-3 108 1 127 
HkB Hecla sandy loam, 3 to 6 percent slopes--~---~-~--------------- 58 Iile-3 108 1 127 
HIB  Hecla-Dickey fine sandy loams, 3 to 6 percent slopes~--------- 58 II Ie-3M 109 -- wee 
Hecla part---~------------~-~-------------- +--+ ------ 5 wo | wr erenee Se5 L 127 
Dickey part---+---~-s--se-ccneme rnc ens cece notre sss cccors co | wee eteeree wee 5 128 
Hm Hecla-Hamar loamy sands--------------------~----~+------------- 58 IVe-2 114 -- --- 
Hecla part------------------------------------------------ -- 0 | -e-e----- --- 1 127 
Hamar part--<ss52--/-H ese e see cesses esse comeinsesce sees eS fe sisSeicies ceo 2 128 
HnA  Hecla-Maddock loamy sands, 0 to 3 percent slopes---------~----- 58 IVe-2 114 -- --- 
Hecla partq--<--4<- sess ssscese ese eree sense seas sessescess so | Ser eeerae --- 1 127 
Maddock part-------------~--~--- 23 - ee ee ono oo on oo eee ee oe | we eeen-e- a+ 5 128 
HnB Hecla-Maddock loamy sands, 3 to 6 percent slopes~-------------- 58 TVe-2 114 -- o-- 
lecla part-------22--- 27 - n-ne r nner ne cane me nnn cece cn cree we | se eececee edad 1 127 
Maddock part----- ~----- +--+ 3-2-3 oe enn we ce ne ee eo ne eee ee re --- ) 128 
HoA Heimdal sandy loam, 0 to 3 percent slopes------~-------------- 59 II Te-3M 109 3 128 
HoB  Heimdal sandy loam, 3 to 6 percent slopes--------------------- 59 TT Te- 3M 109 3 128 
HoC Heimdal sandy loam, 6 to 9 percent slopes---~------------------ 59 TVe-3M 114 3 128 
HpA  Heimdal leam, 0 to 3 percent slopes---~-----~--~--------------- 60 Tle-5 106 3 128 
HpB Heimdal loam, 3 to 6 percent slopes--------------------------- 60 Tle-5 106 3 128 
HpC Heimdal loam, 6 to 9 percent slopes----------~---------------- 60 Ille-5 109 3 128 
HrD Heimdal-Embden fine sandy loams, 9 to 15 percent slopes------- 60 TVe-3M 114 -- --- 
Heimdal part-----~------------------3 23-2 -- ---- == ee He wo | anne een-- wr 3 128 
Embden part~---3- 20 -~ 20 eo eo nnn cen nnn on eee ne meen nee -- 0 | serene ne- --- 5 128 
HrE Heimdal-Embden fine sandy loams, 15 to 25 percent slopes------ 60 Vie-3 117 -- --- 
Heimdal part ------------------------+------- ---- ++ = ---- we | eee ------ --- 8 129 
Embden part----------------------+-----+- ------ oe oe ne --- 5 128 
HsA  Heimdal-Emrick loams, 0 to 3 percent slopes------------------- 60 Ile-5 106 -- --- 
Heimdal part---------------------------- soe ee en nn oe ee SE (atetetetatetetetal one 3 128 
Emrick part----------------------------~+------------------ ee --- lL 127 
HsB Heimdal-Emrick loams, 3 to 6 percent slopes------------------- 61 Ile-5 106 -- --- 
Heimdal part--~-------------+------------------+ -+-------- Se nae 3 128 
Emrick part---------------------+------------ 95 ---- -- 2 --- re --- 1 127 
HtC  Heimdal-Emrick-Esmond loams, 3 to 9 percent slopes------------ 61 Iile-5 109 -- --- 
Heimdal part----------------------------------- ----+-- ----- -- 0 | we------- --- 3 128 
Emrick part-----------------9s-- sons 3 conan no nnn cee nnann so | Seeceeen- === 3 128 
Esmond part---------~-------------------------------- ----- we | weer n--- --- 8 129 
HtD  Heimdal-Emrick-Esmond loams, 9 to 15 percent slopes----------- 6l IVe-5 114 -- --- 
Heimdal part---+-----~----------------- ---- +--+ oe ne ee eee we | teres ne ee aaa 3 128 
Emrick part----------------3-------- ---- 25 0 25 - oo eee -- 0 | werner en-- --- 3 128 
Esmond part---------~----+~-~----~------------------------ =o (|| ease eeies pias 8 129 
HtE Heimdal-Emrick-Esmond loams, 15 to 25 percent slopes---------- 61 VIe-5 117 -- Siete 
Heimdal part---------------------~------------------------- so | sees sacs sss 8 129 
Emrick part-------------------------------------- --------- wo | ween nn-- w+ 3 128 
Esmond part--------------------- ---- ---9 -- 2-3 =e eee nnn nn es o-- 8 129 
Ke Kensal loam---------------- -- 2 on ne nn nn nnn enn conn cern rene 62 TIIs-5 112 1 127 
Kf Kensal loam, sandy substratum---~----------------------------- 62 IIfs-5 112 1 127 
KoE Kloten loam, 9 to 30 percent slopes-----~--------------------- 63 Vies-5 118 10 130 
KsE Kloten, Sioux, and Edgeley soils, 12 to 25 percent slopes-~---- 63 Vies-5 118 -- woe 
Kloten part----------------------------------------------- -- 0 | wee ------ --- 10 130 
Sioux part--------------------~--------------------------- -- | ----+----- --- 10 130 
Edgeley part---------------------------~------------------- --- 8 128 
Kt Kratka fine sandy loam----------~------------------------------ 64 IlIw-3 110 2 128 
La LaDelle silty clay loam-~------------------------------------- 64 IIc-6 08 uu 127 
Lb Lallie silty clay loam----------------------------- ----------- 65 IVs-4L 116 10 130 
Le Lamoure silty clay loam--------------------------------------- 65 IIw-4L 107 2 128 
Lm Lamoure silty clay loam, saline------------~--~---------------- 66 Il Iws-4L lll 10 130 


GUIDE TO MAPPING UNITS--Continued 


Windbreak 
Capability suitability 
unit group 
Map 

symbol Mapping unit Page | Symbol Page Number Page 
Ln La Prairie silt loam-------------------<-----------rce rrr rrcne 66 IIc-6 108 1 127 
Lp La Prairie-Lamoure complex-----------------n-nnr ee rr rrn tro 66 View-6 118 -- o-- 
La Prairie part-------------------n errno rrr nn nr re -- 00 | ser eree-- --- al 127 
Lamoure part---------------------o ane enn nn core rrr rer os --- 2 128 
Lr Larson loam------------- ---------- 7 enn cn rere rrr 67 IVs-6P 116 9 129 
Ls Lemert sandy loam-------------------c3rrrr rn rr rrr 68 VIw-4 118 9 129 
Lt Letcher sandy loam----------------------------- one nen n------- 69 IIle-3P 109 9 129 
Lu Letcher sandy loam, till substratum--~------------------" 7-7-7777 69 II Te-3P 109 9 129 
Lv Lohnes loamy coarse sand----------------7- 29 -- nner nnn nnn 70 IVe-2 114 7 129 
Lw Lohnes coarse sandy loam----------------- 7-77-73 --- 35-9 rrrrrne 70 IIIe-3 108 t 129 
Lx Ludden silty clay-------------------------90 conn ro rrr 71 IlIw-4 110 1 127 
Lz Ludden-Lamoure complex--------------7--- rere connec ren 71 Vw-8 117 -- <ee 
Ludden part-----------------0-- nnn nn conn rrr en --- 1 127 
Lamoure part------------------ mere cn ro rr re rrr rrr awe | wesc eran --- 2 128 
MaA Maddock loamy sand, 0 to 3 percent slopes--------------------- 72 IVe-2 114 5 128 
MaB Maddock loamy sand, 3 to 6 percent slopes----~---------------- 72 1Ve-2 114 5 128 
MdC Maddock loamy sand, 6 to 9 percent slopes-------------------7- 72 VIe-2 117 5 128 
MbA Maddock sandy Loam, 0 to 3 percent slopes--------------------~ 72 TllIe-3 108 5 128 
MbB Maddock sandy loam, 3 to 6 percent slopes-------~-----------7- vie) IIle-3 108 5 128 
MbC Maddock sandy loam, 6 to 9 percent slopes-----------~---------- 73 IVe-3 114 5 128 
‘MdB  Maddock-Dickey sandy loams, 0 to 6 percent slopes----~-------- 73 Ii Ie-3M 109 5 128 
MdC  Maddock-Dickey sandy loams, 6 to 9 percent slopes------------- 73 IVe-3M 114 5 128 
MeD  Maddock-Serden loamy fine sands, 9 to 30 percent slopes------- 73 VIe-2 117 ao oiahe 
Maddock part--------------- --r cre rn rn rrr rrr rn we | wer cenrnnH == 5 128 
Serden part--------------------- neon nnn ne rere rrr cen -- | --------- wee 7 129 

MfD Maddock-Serden-Hecla loamy fine sands, 9 to 25 percent 
$ LOPG San nnn nme nn nnn nn nn nnn nnn nnn ncaa 74 VlIe-2 117 -- --- 
Maddock part--------------+--------------------------n rene Bur )Peepecsosiie ree, 5 128 
Serden part--------------------------------- 9-22 enone nnn ne Se aes 7 129 
Hecla part------------------------------------- reer n nnn H Se ‘eee — 5 128 
Mg Made land-------------------------------------+-----------+----- 74 | --------- aH == es 
Mh Marsh-----~---------------- 90-9999 oon nnn nnn nnn cone rn nnn 74 Vw-8 117 10 130 
Mm Marysland loam---+-+-~------------------- cern cnn errr nn re nnn 75 IIw-4L 107 2 128 
Mn Marysland and Arveson loams---~---------------------+-~--------- 75 Tlw-4L 107 2 128 
MwC Minnewaukan loamy fine sand, 6 to 9 percent slopes------------ 76 IVs-2 116 10 130 
Mx Miranda-Cavour clay loams--------------~------<---------------- 77 VIs-6P 11s 9 129 
Os Osakis sandy loam----------------~---------~-------------- 5207-7 78 IIles-3 109 il 127 
Ot Osakis sandy loam, gravelly substratum-~--~---------~--~------- 78 IlTes-3 109 1 127 
Ou Osakis sandy loam, till substratum---~-----------------~------- 78 Iiles-3 109 1 127 
Ov Overly silty clay loam--------------------------~------------- 79 IIc-6 108 1 127 
Pa Parnell! silty clay loam-----------------------~---------------- 80 IlIw-7 111 2 128 
Pe Pbatessodsis oo sSsce cde ese Sea Sse Sea ese eee eo 80 Vw-8 117 10 130 
Pr Perella silty clay loam-------~--------~---~--------~-~----------- 80 IIw-6 107 2 128 
Ra Rauville silty clay loam-------------~------------------~+------ 81 Vw-8 117 10 130 
ReA Renshaw loam, 0 to 3 percent slopes--------------------------- 82 IIIs-6 113 6 129 
ReB Renshaw loam, 3 to 6 percent slopes--------------------------- 82 Illes-6 110 6 129 
Rn Renshaw loam, gravelly substratum----------~----~--------------- 82 IlIs-6 113 6 129 
Rs Renshaw loam, sandy substratum--~----------------------------- 83 IIIs-6 113 6 129 
Rt Renshaw loam, till substratum------~~----~-~------------------ 83 IIIs-6 113 6 129 
Ry Ryan silty clay loam---------------~---------~------------------ 83 IVs-6P 116 9 129 
Rz Ryan and Lamoure silty clay loams--------------~-------~------- 84 VIw-4 118 == — 
Ryan part-----~---~~-------------- +--+ 2+ nn wenn no ono nn oe ener ce ‘| pomecesee his 9 129 
Lamoure part----~--------------~--------------~------------- en ee oes 2 128 
Se Serden-Hamar sands------------~----------------------------+--- 84 VIes-2 118 ae ies 
Serden part------~----------------------- ---- -------------- es jheceenatie wae 7 129 
Hamar part--------------~-~---~------------------~-------- ee eee Seo a 128 


SoB Sioux gravelly Loam, 0 to 6 percent slopes-------------------- 85 VIIs-3 119 10 130 


Windbreak 


Capability suitability 
unit group 

M ap ene enna team een 
symbol Mapping unit Page | Symbol Page Number Page 
SoE Sioux gravelly loam, 6 to 25 percent slopes----------~-------- 85 VIIs-3 119 10 130 
Sp Spottswood loam-----~-------------~--~-~------------------------- 86 IIIs-6 113 3 128 
Sr Spottswood loam, sandy substratum 86 IIIs-6 113 3 128 
Ss Stirum sandy loam------------------------ 87 IVws-3 115 9 129 
St Svea loam------------------------------~~--~-----+---------+----- 88 « IIc-6 108 1 127 
Su Svea loam, cobbly variant--~---------~-------~--~------------+---- 89 ITIs-6 113 1 127 
SvA  Svea-Barnes loams, 0 to 3 percent slopes---------------------- 88 IIc-6 108 -- --- 

Svea part------------------------------------------------- St Uietltataiatatated ie 1 127 

Barnes part---------------~~----------------- ~--- --------- Si tre -oe 3 128 
SvB Svea-Barnes loams, 3 to 6 percent slopes-~---------------------- 88 IIle-6 106 -- o-- 

Svea part-------------------------------~-~---------------- co | weer reee so 1 127 

Barnes part----------------+--------~--~~--------+---------- we | eeeecsues nS 3 128 
SwC Svea-Buse-Barnes loams, 6 to 9 percent slopes-----~------------ 88 IIle-6 109 -- --- 

Svea part--------------~----------------~-------+----------- we | wren eene- --- 3 28 

Buse part--~~~-~---------------~--~------~-+------------------ I ad 8 29 

Barnes part-~~---------------+-----~---------------------- we | warren nn- o-- 3 128 
Sx Svea-Cresbard loams------------------------------------------- 88 IIIs-6P 113 -- --- 

Svea part-------------~--------------------+ -- ---- --+------ -- 0 | ween ee --- --- 1 127 

Cresbard part--------~------------------------------------- -- 0 | eee------ --- 4 128 
Sz Swenoda-Embden fine sandy loams--------------~----------------- 90 IlIe-3M 109 1 127 
Tf Tiffany sandy loam-----------------------~~---------------.---- 91 IIIw-3 110 2 128 
Tg Tiffany fine sandy loam, till substratum---------------------- 91 IIIw-3 110 2 128 
Tn Tolna loam----------------------------------------~----------- 92 IIIw-6 lll 2 128 
To Tonka silt loam--------------------~--~+-~--~--~-----~-- -------- 92 IIw-6 107 2 128 
Ts Totten sandy loam-----------~---------~------~-+-----~-+---+-+--- 93 IVws-3 115 9 129 
Tt Totten loam-----------------------~---~------~~--------------+---- 94 IVws -6 115 9 129 
Tu Totten loam, very wet-------------~---------------------------- 94 Vw-8 117 10 130 
Tv Totten loam, till substratum--------------~-~-----------.------ 94 IVws-6 115 9 129 
TwA Towner fine sandy loam, 0 to 3 percent slopes----------------- 95 Ti Te-3M 09 1 127 
TwB Towner fine sandy loam, 3 to 6 percent slopes----------------- 95 IIle-3M 109 1 127 
Tx Towner-Dickey fine sandy loams-----------~-------------------- 95 Ille-3M 10g -- aieta 

Towner part-------~+---+-------~----------+----------------- a Mieledatalatatatatel oe 1 127 

Dickey part------------~---------------------------------- so | tree reee ied 5 128 
Va Vallers loam-------------------------~------------------------- 96 LIw-4L 107 2 128 
Vn Vang loam---~--~-------------------~~---------++-------+--------- 97 IIs-6 108 3 128 
Vo Venlo sandy loam---------------------------------------------- 97 Vw-8 117 2 128 
Wa Wahpeton silty clay--------~---------------~+----------~+------- 98 IIs-4 108 1 127 
WbB Walsh loam, 3 to 6 percent slopes-------~---~----------~---------- 99 Tle-6 106 1 127 
WbC Walsh loam, 6 to 9 percent slopes--------------~-~--~---------- 99 Ille-6 109 1 127 
WcA Walsh clay loam, 0 to 3 percent slopes-----------------~~----- 99 TIc-6 108 1 127 
WcB Walsh clay loam, 3 to G percent slopes----------~-------------- 99 TTe-6 106 1 127 
WcC Walsh clay loam, 6 to 9 percent slopes--------------~--------- 99 IIle-6 109 1 127 
Wd Walum sandy loam---------------------------------------------- 100 IIles-3 109 a 127 
We Walum sandy loam, gravelly substratum----~--------~----------- 100 IIlTes-3 109 1 127 
WE Warsing loam----~--------------------------------------~------- 101 IIIs-6 113 | 1 127 
Wg Warsing loam, sandy substratum------------------~------------- 101 IlIs-6 113 | 1 127 
Win Warsing loam, till substratum---------------~-----------~----- 101 TIIs-6 113 1 127 
Wn Wyard loam---------------------------~--------~---~------------- 102 IIw-6 107 | 1 127 
Wo Wyndmere sandy loam-~----------------------------------------- 103 IIIs-3 112 | 1 127 
Wp Wyndmere sandy loam, till substratum-----------~-------------- 103 IIIs-3 112 il 127 
Wr Wyrene sandy loam-----------~--------~------------------------- 104 IIIs-3 112 1 127 
Ws Wyrene sandy loam, till substratum---------------~+~----------- 104 IIIs-3 112 1 127 
Wt Wyrene-Totten sandy loams------------------------------------- 104 IIIsw-3 113 -- se 

Wyrene part-----------------------------------~----------- -- 0 | e-------- --- ] 127 

Totten part--------------------~------------------~-------- ee | See ee 9 129 


NRCS Accessibility Statement 


This document is not accessible by screen-reader software. The Natural 
Resources Conservation Service (NRCS) is committed to making its information 
accessible to all of its customers and employees. If you are experiencing accessibility 
issues and need assistance, please contact our Helpdesk by phone at 
1-800-457-3642 or by e-mail at ServiceDesk-F TC @ftc.usda.gov. For assistance with 
publications that include maps, graphs, or similar forms of information, you may also 
wish to contact our State or local office. You can locate the correct office and phone 
number at http://offices.sc.egov.usda.gov/locator/app. 

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, and 
where applicable, sex, marital status, familial status, parental status, religion, sexual 
orientation, genetic information, political beliefs, reprisal, or because all or a part of an 
individual’s income is derived from any public assistance program. (Not all prohibited 
bases apply to all programs.) Persons with disabilities who require alternative means 
for communication of program information (Braille, large print, audiotape, etc.) should 
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a 
complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272 
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and 
employer. 


SOIL ASSOCIATIONS * 
SOILS OF THE GLACIAL TILL PLAINS 


Heimdal-Emrick-Fram association: Nearly level and gently undulating, 
well drained, moderately well drained and somewhat poorly drained, deep, 
medium textured soils 


Heimdal-Emrick association: Nearly level to hilly, well drained and 
moderately well drained, deep, medium textured soils 


Heimdal-Emrick-Esmond association: Nearly level to steep, well drain- 
ed and moderately well drained, deep, medium textured soils 


Svea-Barnes-Hamerly association: Nearly level and gently undulating, 
moderately well drained, well drained, and somewhat poorly drained, 
deep, medium textured soils 


Barnes-Svea-Buse association: Gently undulating to hilly, well drained 
and moderately well drained, deep, medium textured soils 


TE 


SOILS OF DOMINANTLY SAND MANTLED GLACIAL TILL PLAINS 


Towner-Heimdal-Swenoda association: Nearly level and gently undulat- 
ing, moderately well drained and well drained, deep, moderately coarse 
textured and medium textured soils 


Egeland-Heimdal-Swenoda association: Gently sloping and hilly, well 
drained and moderately well drained, deep, moderately coarse textured 
and medium textured soils 


aa 


= Heimdal-Embden-Serden association: Nearly level to steep, well drain- 
ed, moderately well drained and excessively drained, deep, medium 
textured, moderately coarse textured and coarse textured soils 
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Each area outlined on this map consists of 
more than one kind of soil. The map is thus 
meant for general planning rather than a basis 
aed decisions on the use of specific tracts. 


SOILS DOMINANTLY OF GLACIAL OUTWASH PLAINS AND SAND 
MANTLED TILL PLAINS 


Hecla-Maddock-Hamar association: Nearly level and gently undulating, 
moderately well drained, well drained and somewhat poorly drained, 
deep, moderately coarse textured and coarse textured soils 


[2 


SOILS OF THE SANDY GLACIAL OUTWASH PLAINS 


Claire-Lohnes-Hamar association: Nearly level or gently undulating, 
excessively drained, moderately well drained, and somewhat poorly 
drained, deep, coarse textured and moderately coarse textured soils 


SOILS OF THE SHALY SANDY AND GRAVELLY GLACIAL OUTWASH 
PLAINS 


Brantford-Binford-Kensal association: Nearly level and gently undulat- 
ing, well drained, somewhat excessively drained and moderately well 
drained, shallow and moderately deep, medium textured and moderately 
coarse textured soils 


[i 


Brantford-Binford-Coe association: Gently undulating to hilly, well drained, 
somewhat excessively drained and excessively drained, very shallow and 
shallow, medium textured and moderately coarse textured soils 
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SOILS OF THE SANDY AND GRAVELLY GLACIAL OUTWASH PLAINS 


Renshaw-Arvilla association: Nearly level and gently undulating, some- 
what excessively drained, shallow, medium textured and moderately 
coarse textured soils 


[33] 
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Divide-Glyndon association: Nearly level, somewhat poorly drained, 
moderately deep and deep, medium textured soils 


Marysland-Borup association: Nearly level, poorly drained, moderately 
deep and deep, medium textured soils 


Totten-Letcher association: Nearly level, poorly drained, very poorly 
drained and somewhat poorly drained, moderately deep and deep, mod- 
erately fine textured to moderately coarse textured claypan soils 


SOILS OF THE BOTTOMLANDS AND SIDE SLOPES OF THE SHEYENNE 
AND JAMES RIVERS 


Lamoure-Buse-Walsh association: Nearly level to steep, poorly drained, 
well drained, and moderately well drained, deep, moderately fine text- 
ured and medium textured soils 


SOILS OF DRY LAKE BASINS 


Lallie association: Nearly level, poorly drained and very poorly drained, 
deep, moderately fine textured soils 


* Texture refers to the surface and subsoil layers of the major soils of each 
association. 
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SOIL LEGEND 


The first capital letter is the initial one of the soil name. The lower case letter that follows separates 
Mapping units having names that begin with the same letter except that it does not separate sloping phases. 
The second capital letter indicates the class of slope. Symbols without a slope letter are those for soils 
that have a slope range of 0 to 2 percent. or for land types. 


SYMBOL 


Ab 
Re 
Ar 
As 


Aberdeen loam 

Aberdeen-Exline loams 

Arveson sandy loam 

Arvilla sandy loam 

Aryvilla sandy loam. gravelly substratum. 0 to 3 percent 
slopes 

Arvilla sandy loam, gravelly substratum. 3 to 6 percent 
slopes 

Arvilla Sandy loam, Sandy substratum 0 to 3 percent 
slopes 

Arvilla sandy loam. sandy substratum, 3 to 6 percent 
slopes 

Arvilla-Sioux sandy loams. 6 to 9 percent slopes 


Barnes loam. 0 to 3 percent slopes 

Barnes loam. 3 to 6 percent slopes 

Barnes loam, 6 to 9 percent slopes 

Barnes-Svea loams. 0 to 3 percent slopes 

Barnes-Svea loams. 3 to 6 percent slopes 

Barnes-Svea stony loams. 3 to 6 percent slopes 

Barnes-Svea-Buse loams. 6 to 9 percent slopes 

Barnes-Svea-Buse stony loams. 6 to 9 percent slopes 

Bearden silt loam, saline 

Binford sandy loam 

Binford sandy loam, gravelly suostratum. 0 to 3 percent 
slopes 

Binford sandy loam, gravelly substratum. 3 to 6 percent 
slopes 

Binford sandy loam. sandy substratum, 0 to 3 percent 
slopes 

Binford sandy loam, sandy substratum, 3 to 6 percent 
slopes 

Binford-Coe sandy loams. 6 to 9 percent slopes 

Binford-Coe sandy loams, 9 to 12 percent slopes 

Borup silt loam 

Borup and Marysiand silt loams, very wet 

Borup and Vallers loams. 3 to 6 percent slopes 

Brantford loam, 3 to 6 percent slopes 

Brantford loam, gravelly substratum. 0 to 3 percent 
slopes 

Brantford loam. gravelly substratum. 3 to 6 percent 
slopes 

Brantford loam. sandy substratum. 0 to 3 percent slopes 

Brantford loam sandy substratum, 3 to 6 percent slopes 

Brantford-Coe loams. 6 to 9 percent slopes 

Branttord-Kensal loams 

Buse-Barnes loams. 9 to 30 percent slopes 

Buse-Eageley loams, 9 to 30 percent slopes 

Buse and Kloten loams. 6 to 25 percent slopes 

Buse. Sioux and Zell soils. 3 to 30 percent slopes 


Cathay loam 

Cathay-Heimdal loams, 0 to 3 percent slopes 
Cathay-Heimdal loams. 3 to 6 percent slopes 
Cathay-Larson loams 

Cavour-Cresbard loams 

Cavour and Vallers stony clay loams 

Cavour clay loam, shaly variant. 3 to 6 percent slopes 
Claire loamy coarse sand, 0 to 3 percent slopes 
Claire loamy coarse sand. 3 to 6 percent slopes 
Claire coarse sandy loam 

Claire-Lohnes-Hamar loamy coarse sands 
Clontarf sandy loam 

Coe sandy loam. 0 to 6 percent slopes 


SYMBOL 


CvD 
Cw 
Cx 
Cy 
Cz 


DvA 
DvB 
Ow 
Ox 
Dy 
Dz 


NAME 


Coe sandy loam. 6 to 25 percent slopes 
Colvin silty clay loam 

Colvin silty clay loam, saline 

Colvin silty clay loam, very wet 
Cresbard-Cavour loams 


Divide loam. 0 to 3 percent slopes 
Divide loam, 3 to 6 percent slopes 
Divide loam. saline 

Divide loam. gravelly substratum 
Divide loam. sandy substratum 
Divide loam, till substratum 


Eckman loam. 0 to 3 percent slopes 

Eckman loam, 3 to 8 percent slopes 

Edgeley loam 

Edgeley and Cavour loams. 3 to 6 percent slopes 

Edgeley loam. gravelly variant 

Egeland sandy loam, 0 to 3 percent slopes 

Egeland sandy loam. 6 to 12 percent slopes 

Egeland sandy loam. sandy substratum 

Egeland fine sandy loam, till substratum, 0 to 3 
percent slopes 

Egeland fine sandy loam, till substratum, 3 to 6 
vercent slopes 

Egeland-Embden sandy loams. till substratum, 6 to 9 
percent slopes 

Embden sandy loam, 0 to 3 percent slopes 

Embaen-Egeland sandy loams, 3 to 6 percent slopes 

Embden. Swenoda, and Heimdal fine sandy loams, 0 to 3 
percent slopes 

Embden. Swenoda, and Heimdal fine sandy loams. 3 to 6 
percent slopes 

Emrick sandy loam 

Emrick loam 

Esmond, Coe, and Embden soils. 6 to 25 percent slopes 

Exline loam 


Fargo and Nutley silty clay loams 
Fordville loam 

Fossum sandy loam 

Fossum loam 

Fossum and Hamar sandy loams 
Fram loam, 0 to 3 percent slopes 
Fram loam, 3 to 6 percent slopes 
Fram loam. saline 

Fram and Wyndmere fine sandy loams 


Gardena loam, 0 to 3 percent slopes 


Gardena loam 
Glyndon loam 
Glyndon loam, saline 
Gravel pit 


0 6 percent slopes 


Hamar loamy coarse sand 

Hamar loamy sand 

Hamar coarse sandy loam 

Hamar sandy loam 

Hamerly loam. 0 to 3 percent slopes 
Hamerly loam. 3 to 6 percent slopes 
Hamerly loam. saline 

Hamerly-Svea loams. 0 to 3 percent slopes 
Hamerly-Svea loams. 3 to 6 percent slopes 
Hecla loamy sand. 0 to 3 percent slopes 


SYMBOL 


HhB 
HkA 
HkB 
HIB 


Hm 


MaA 
MaB 
MaC 
MbA 
MbB. 
MbC 
MdB 
MdC 
MeD 
MfO 


Mg 
Mh 
Mm 
Mo 
MwC 
Mx 


NAME 


Hecla loamy sand, 3 to 6 percent slopes 

Hecla sandy loam, 0 to 3 percent slopes 

Hecla sandy loam, 3 to 6 percent slopes 

Hecla-Dickey fine sandy loams. 3 to 6 percent 
slopes 

Hecla-Hamar loamy sands 

Hecla-Maddock loamy sands, 0 to 3 percent slopes 

Hecla-Maddock loamy sands, 3 to 6 percent slopes 

Heimdal sandy loam. 0 to 3 percent slopes 

Heimdal sandy loam. 3 to 6 percent slopes 

Heimdal sandy loam. 6 to 9 percent slopes 

Heimaal loam. 0 to 3 percent slopes 

Heimdal loam. 3 to 6 percent slopes 

Heimdal loam. 6 to 9 percent slopes 

Heimdal-Embden fine sandy loams. 9 to 15 percent 
slopes 

Heimdal-Embden fine sandy loams. 15 to 25 percent 
slopes 

Heimdal-Emrick loams, 0 to 3 percent slopes 

Heimdal-Emrick loams. 3 to 6 percent slopes 

Heimdal-Emrick-Esmond loams, 3 to 9 percent slopes 

Heimdal-Emrick-Esmond loams. 9 to 15 percent slopes 

Heimdal-Emrick-Esmond loams, 15 to 25 percent slopes 


Kensal loam 

Kensal loam, sandy substratum 

Kloten loam, 3 to 30 percent slopes 

Kloten, Sioux, and Edgeley soils. 12 to 25 percent 
slopes 

Kratka fine sandy loam 


LaDelle silty clay loam 

Lallie silty clay loam 

Lamoure silty clay loam 
Lamoure silty clay loam. saline 
La Prairie silt loam 

La Prairie-Lamoure complex 
Larson loam 

Lemert sandy loam 

Letcher sandy loam 

Letcher sandy loam, till substratum 
Lohnes loamy coarse sand 
Lohnes coarse sandy loam 
Ludden silty clay 
Ludden-Lamoure complex 


Maddock loamy sand. 0 to 3 percent slopes 

Maddock loamy sand. 3 to 6 percent slopes 

Maddock loamy sand. 6 to 9 percent slopes 

Maddock sandy loam. 0 to 3 percent slopes 

Maddock sandy loam. 3 to 6 percent slopes 

Maddock sandy loam. 6 to 9 percent slopes 

Maddock-Dickey sandy loams. 0 to 6 percent slopes 

Maddock-Dickey sandy loams. 6 to 9 percent slopes 

Maddock-Serden loamy fine sands, 9 to 30 percent slopes 

Maddock-Serden-Hecla loamy fine sands. 9 to 25 percent 
slopes 

Made land 

Marsh 

Marysland loam 

Marysland and Arveson loams 

Minnewaukan loamy fine sand, 6 to 9 percent slopes 

Miranda-Cavour clay loams 


SYMBOL 


Os 
or 
Ou 


Osakis sandy loam 

Osakis sandy loam, gravelly substratum 
Osakis sandy loam. till substratum 
Overly silty clay loam 


Parnell silty clay loam 
Peat 
Perella silty clay loam 


Rauville silty clay loam 

Renshaw loam. 0 to 3 percent slopes 
Renshaw loam, 3 to 6 percent slopes 
Renshaw loam, gravelly substratum 
Renshaw loam. sandy substratum 
Renshaw loam. till substratum 

Ryan silty clay loam 

Ryan and Lamoure silty clay loams 


Serden-Hamar sands 

Sioux gravelly loam, 0 to 6 percent slopes 
Sioux gravelly loam. 6 to 25 percent slopes 
Spottswood loam 

Spottswood loam, sandy substratum 

Stirum sandy loam 

Svea loam 

Svea loam, cobbly variant 

Svea-Barnes loams, 0 to 3 percent slopes 
Svea-Barnes loams, 3 to 6 percent slopes 
Svea-Buse-Barnes loams, 6 to 9 percent slopes 
Svea-Cresbard loams 

Swenoda-Embden fine sandy loams 


Tiffany sandy loam 

Tiffany fine sandy loam, till substratum 
Tolna loam 

Tonka silt loam 

Totten sandy loam 

Totten loam 

Totten loam. very wet 

Totten loam. till substratum 

Towner fine sandy loam. 0 to 3 percent slopes 
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